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RESUMEN  
En esta Tesis Doctoral se analiza la variación espacial y temporal de la taxocenosis de 
poliquetos en el Puerto de Cartagena con el objetivo de establecer la calidad ambiental en esta 
zona. En la actualidad, muchas de las industrias están localizadas en la dársena de 
Escombreras. Los sedimentos están altamente contaminados por metales pesados, 
especialmente Cu y Zn, debido a las actividades históricas así como a los vertidos no 
controlados procedentes de las industrias y de la minería establecida en este área. El muestreo 
del bentos se llevó a cabo entre Diciembre de 2003 y Octubre 2004 (cuatro campañas de 
muestreo en total), a la vez se recogieron muestras de aguas y sedimentos. Los sedimentos 
fueron muestreados con una draga van Veen (0,025 m2). Los poliquetos constituyeron el grupo 
dominante numéricamente, seguidos de moluscos y crustáceos. Un total de 7829 individuos de 
poliquetos fueron identificados hasta el nivel taxonómico más bajo posible. Las especies más 
abundantes fueron Monticellina heterochaeta, Prionospio fallax y Aphelochaeta sp. El análisis 
de la taxocenosis de poliquetos ha puesto de manifiesto un gradiente de disminución del 
número de especies, diversidad y especies sensibles cuando aumenta la contaminación desde 
las zonas exteriores a las zonas interiores del puerto. Cuatro comunidades de poliquetos fueron 
también observadas en relación con este gradiente. El estudio de la taxocenosis de los 
poliquetos junto con las variables ambientales en el Puerto de Cartagena ha puesto de 




The spatial and temporal variations of polychaete assemblages in Cartagena harbour were 
analysed in order to assess the environmental quality in this area. At present, most of the 
industries are located in Escombreras basin. Sediments were highly contaminated with heavy 
metals, especially Cu and Zn, due to uncontrolled discharges from mining activities in the past, 
and current industries in the basins. Benthic samples were collected between December 2003 
and October 2004 (four surveys in total) together with water and sediment samples. Benthos 
and sediments were sampled using a van Veen grab (0,025 m2). Polychaetes were the 
dominant group numerically, followed by molluscs and crustaceans. A total of 7829 specimens 
of polychaetes were identified to the lower possible taxonomical level. The most abundant 
species were Monticellina heterochaeta, Prionospio fallax and Aphelochaeta sp. Uni- and 
multivariate analyses showed a decline in number of species, diversity, number of trophic 
groups and sensitive species along a gradient of contamination from the outer to the inner 
harbour. Four polychaete assemblages were also determined according to this gradient. The 
study of polychaete taxocene together with environmental variables in Cartagena harbour have 
shown that polychaetes can be used in the harbour environment quality assessment. 
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CHAPTER 1. INTRODUCTION 
The commercial and economic development of a number of activities (i.e. shipping navigation, 
dredging, etc.) in coastal environments has clearly become a problem at the end of the 20th 
century. This is mainly as a result of the introduction of a large number of contaminants in the 
marine environment: 350 million tonnes of different materials per year (e.g. heavy metals and 
organic pollutants) are released into the Mediterranean Sea (Bonotto, 2001; Rivero et al., 2005). 
Enclosed harbours are one of the most affected areas due to the partial enclosure and high 
pressure derived from industrial (e.g. shipping, loading and unloading, accidental spills), urban 
(e.g. waste water effluents), dredging activities, and disposal of dredged material. The 
magnitude and effect of environmental impacts in harbours will depend on a combination of 
factors such as size, physical characteristics and the type of activities developed in them 
(Wooldridge et al., 1999; Guerra-García & García-Gómez, 2004; Guevara-Riba et al., 2004; 
Rivero et al., 2005). 
To date, there is clear evidence that urban and industrial effluents to the harbour aquatic 
environment have been reduced considerably due to an increase in regulation and legislation. 
Nevertheless, harbour sediments are still affected by many contaminants from historic legacy 
and lack of adequate environmental regulation. The most important groups of contaminants 
include heavy metals, PCBs and dioxin-like compounds, polyaromatic hydrocarbons (PAHs), 
tributyltin (TBT), triphenyltin (TPT), chemicals used in antifouling paints, organochloride 
pesticides (OCPs), oil, radio-nuclides, rare earth metals and organotin compounds (Reish, 
1986; Guevara-Riba et al., 2004; Casado-Martínez et al., 2006; Çinar et al., 2006). 
Harbours can be the source of considerable environmental impacts both on marine and land 
habitats (Table 1). In port areas, or in their vicinity, examples of several activities that may 
cause further environmental impacts are as follows: fisheries, industrial installations and storage 
of hazardous materials. In Spain, 66% of industries are located in coastal areas, and more than 
2000 industrial effluents go directly into the sea (Carrasco et al., 2003; Darbra et al., 2005). 
Table 1. Different impacts and biological effects within port areas (Wooldridge et al., 1999) 
Type Spatial extent Impact Duration Frequency Reversibility 
Chronic or pre-
existing chemical or 
organic pollution 
Can be localised or cover 
more extensive areas 
Alter natural ecology and 
reduce diversity Long term Continuous Possible over time 
Development and 
construction Localised 
Destruction of natural 
habitats and change in 
environmental conditions 
Permanent One off Irreversible 
Accidental spillage Localised although can 
spread over wide areas 
Alter community structure 
and kill organisms Short term Rare Generally reversible 
Introduction of non-
native species 
May spread outside port 
areas 
Can alter community 
structure and compete with 
native species 
Long term Continuous introductions Can be irreversible 
Dredging Localised Destruction and disturbance 
of habitats.  Long term Frequent 
Irreversible changes 
in some areas, others 
may recover 
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In addition, the continuous movement of ships can be considered as an additional impact 
increasing the frequency of accidents and, therefore, the risk of release of hazardous materials 
(Darbra et al., 2005). Furthermore, global shipping inadvertently transports many aquatic 
organisms. In particular, ballast water is considered one of the most important vectors 
responsible for transporting and introducing non-native aquatic species to new biogeographic 
regions. Vessels commonly pump in water in one port and can capture aquatic organisms, and 
when this water is expelled in the destination port, they find themselves in an area 
environmentally similar to where they had left. At present, the transfer of alien marine species is 
recognized as one of the greatest threats to the world´s ecosystems, especially in the 
Mediterranean Sea which is considered as a major recipient of this species (CIESM, 2002a; 
Tamburri et al., 2002; Firestone & Corbett, 2005; Streftaris et al., 2005; Zenetos et al., 2005). 
On the other hand, harbours often need regular dredging to keep them open for navigation and 
this may cause two impacts: in the harbour during the dredging operations and the outer 
harbour at the disposal grounds. During dredging operations sediments are oxygenated and 
dispersed, and the contaminants may change their chemical speciation, cease to be absorbed 
on to silt particles, and enter in the food chains. When these dredged materials are relocated, 
the contaminant can be transferred to the disposal grounds, and may affect the local benthic 
community (Guevara-Riba et al., 2004; Casado-Martínez et al., 2007). 
Pollution in harbours is an issue which not only reflects on the surrounding water and sediment 
quality but also affects benthic community structure, and sometimes new habitats and 
communities have been formed due to the introduction of a large number of chemicals. By 
monitoring changes in benthic community structure, a greater understanding of the long-term 
effects of pollution and disturbance can be gained than by just obtaining water, sediment or 
microbiological samples (Wooldridge et al., 1999; Belan, 2004). 
Port sustainable development is necessary for the acceptance of the harbour in the local 
economy, and environmental legislation also requires from the port management to act in a 
sustainable way (ESPO, 2003). An environmental monitoring programme compose of a series 
of parameters (i.e. water, sediments and benthic communities) can provide useful data to 
indicate the condition of the aquatic environment of the harbour, and can also help in the 
reduction of contaminant inputs and in the improvement of its quality. Moreover, this parameters 
can be included and used in the port environmental management system, and can be used to 
inform port authorities and stakeholders about the condition and environmental quality of the 
area. 
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CHAPTER 2. ENVIRONMENTAL QUALITY IN HARBOURS 
2.1. ENVIRONMENTAL CONVENTIONS AND REGULATIONS 
Shipping is an international activity which is linked to marine pollution, so for this reason, 
national specifications and regulation relating to safety and pollution at sea are based on 
international agreements and conventions (Ducrotoy & Pullen, 1999). All these agreements or 
conventions serve to regulate the introduction of chemicals to the aquatic environment: waste 
chemicals, industrial materials, waste water, sewage sludges and dredged sediments (Davis 
et al., 1990). Depending on the regional (e.g. OSPAR or the North Sea Conference) or global 
(e.g. the International Maritime Organisation) jurisdiction a number of entities can be 
considered in relation to legislation for the marine environment (ESPO, 2004). 
The International Maritime Organisation (IMO) is the specialised United Nations agency 
responsible for the safety of international shipping and the prevention of pollution from 
shipping as well as liability and compensation. The most important IMO Conventions and 
Protocols for harbour management are: the London Convention, the International Convention 
for the Prevention of Pollution from ships (MARPOL Convention), and the International 
Convention for the Control and Management of Ships’ Ballast Water and Sediments Ballast 
Water (ESPO, 2004) (Figure 1). 
 
Figure 1. Summary of International and Regional Marine Conventions 
The Convention on the Prevention of Marine Pollution by the Dumping of Wastes and Other 
Matters (London Convention, 1972) was designed primarily to regulate the dumping of 
chemical or industrial wastes in the marine environment, and in 1996 was supplemented with 
a Protocol on permitted substances (ESPO, 2004). 
The MARPOL Convention (adopted in 1973 and subsequently modified in 1978) includes 
regulations aimed at preventing and minimizing pollution from ships (accidental pollution 
and/or routine operations). This Convention creates the responsibility for the port 
administrators to ensure that adequate facilities are in place for the reception of the 
substances, and it applies to ships of all types (ESPO, 2004). 
INTERNATIONAL
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International Convention for the Control and Management of Ships’ Ballast Water and 
Sediments Ballast Water of 2004 requires ships to develop ballast water management plans, 
maintain a ballast water record book, undertake certain ballast water management measures, 
and eventually comply with concentration-based discharge limits (Firestone & Corbett, 2005). 
At regional level, the European Union is a contracting party to the OSPAR Convention for the 
protection of the marine environment of the North East Atlantic, the Helsinki Convention on 
the Protection of the marine Environment of the Baltic Sea Area (HELCOM) and the 
Barcelona Convention for the Protection of the Mediterranean Sea against pollution. All of 
these Conventions have a common aim which is to protect the marine environment by 
prevention and elimination of pollution. These agreements date back to the 1970’s and were 
subsequently revised in the 1990’s. The disposal of dredged material is closely controlled 
through permits provided by national legislation which originates from these regional 
conventions (ESPO, 2004) (Figure 1). 
Although International and European legislation create a general legal framework, there are 
important variations on the national legislation of the European Union member states. The 
environmental role of port administrations depends on national laws; in certain cases national 
legislation already foresees environmental requirements for concessionaires and/or port 
users; and environmental duties are also given to public authorities or administrations 
different from port administrations (ESPO, 2003). 
In 2003, the Environmental Code of Practice of the European Sea Ports Organisation (ESPO) 
made a series of important recommendations in relation to the integration of environmental 
protection policies into all aspects of the operations in European harbours. The ESPO Code 
recognises that the monitoring within a port area will vary from port to port and from member 
state to member state, but points out that monitoring can be of particular importance to help 
port administrations to foresee, anticipate and avoid environmental damage liabilities under 
the forthcoming (ESPO, 2003). 
The ESPO Environmental Review in 2001 recommends that port administrations should 
produce an annual environmental review available for the administrations and public in 
general (ESPO, 2003). However, despite some European ports already have good access to 
quality environmental information or they may currently have an environmental monitoring 
programme in place, there is still a lack of standardised practices among the European ports 
(Wooldridge et al., 1999). 
Furthermore, it may be appropriate for ports to focus primarily on water and sediment 
parameters as they constitute a common indicators of the status of the port. These 
parameters mentioned above constitutes a valuable information, which can then be in support 
their operations and allow a sound environmental issues (Wooldridge et al., 1999). 
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2.1.1. European Union Legislation 
A. Directive 2000/60/EC establishing a Framework for Community Action in the Field of 
Water Policy (Water Framework Directive, WFD). 
The Directive 2000/60/EC establishes a Framework for Community Action in the Field of 
Water Policy (WFD) which encompasses an strategy for the protection of groundwater, inland 
surface, estuarine, and coastal waters. The final objective of WFD is achieving at least ‘good 
ecological status’ (GES) for all water bodies by 2015 (European Commission, 2000). In Spain, 
article 129 of the Act 62/2003 enforced on the 30th December 2003 (“de medidas fiscales 
administrativas y del orden social”) introduced part of the Water Framework Directive in 
Spanish legal framework. 
The objective of the WFD implies that monitoring programmes should be established to 
document the environmental quality of the different water bodies, and inform on progress 
towards the achievement of high chemical status and high ecological status. Therefore, in 
order to comply with this Directive, adoption of measures to characterise water bodies types 
in combination with definition and standardisation of specific monitoring tools needs to be 
developed and implemented (Thébault, 2005). 
In doing so the Directive requires the Member States to classify water bodies according to 
their ecological status, and to identify “Heavily Modified Water Bodies” (HMWB). HMWB are 
bodies of water which, as a result of physical alterations by human activity, are substantially 
changed in character and cannot, therefore, meet GES criteria (CIS, 2003). Navigation, 
including port facilities, or recreation activities are listed in Article 4(3) of Directive, as the 
types of activities which were considered likely to result in a water body being designated as a 
HMWB (CIS, 2003). According to the water system classification of the WFD, there are the 
following port water body’s categories (Figure 2): 
1) Natural or not modified water bodies in the majority of the cases there are often 
situated outside the harbour and include: 
a) Transitional waters, these are bodies of surface water in the vicinity of river 
mouths which are partly saline in character as a result of their proximity to coastal 
waters but which are substantially influenced by freshwater flows. 
b) Coastal waters, these means surface water on the landward side of a line, every 
point of which is at a distance of one nautical mile on the seaward side from the 
nearest point of the baseline from which the breadth of territorial waters is 
measured, extending where appropriate up to the outer limit of transitional waters. 
2) Heavily modified water bodies, mainly situated inside the harbour. 
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The environmental objectives of a HMWB comprises of a “good ecological potential” (GEP) 
and “good chemical status” (GCS). GEP is a less stringent objective than GES, this is mainly 
due to that GEP makes allowances for the ecological impacts resulting from those physical 
alterations that (i) are necessary to support a specified use or (ii) must be maintained to avoid 
adverse effects on the wider environment (European Commission, 2000). 
 
Figure. 2. Harbour Water Bodies classification (European Commission, 2000) 
Once harbour water bodies have been classified under the environmental objectives (GES or 
GEP), they are set in relation to reference conditions. For HMWB the reference condition is 
the “maximum ecological potential” (MEP), and is defined as the state where the biological 
status reflects, as far as possible, that of the closest comparable surface water body taking 
into account the modified characteristics of the water body. The designation of HMWB, the 
definition of the MEP and reference conditions, the identification of GEP and GES as well as 
the programme of measures to achieve the relevant environmental objectives, will be part of 
the River Basin Management Plans. The first consultation draft of this management plan is 
due to be published by 2008 followed by the final plans by 2009 (CIS, 2003). 
The ecological status (i.e. GES or GEP) will be based upon a combination of components, 
these are: biological (phytoplankton, macroalgae, benthos and fishes), physical-chemical 
quality (including water and sediments), and hydromorphological elements. This ecological 
status is defined as an expression of the quality of the structure and functioning of aquatic 
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Among the biological quality elements for the definition of ecological status in coastal waters 
are the “composition and abundance of benthic invertebrate fauna”. It is an assumption of the 
WFD that the benthic fauna is under “good status” criteria when (i) ‘there are slight changes in 
the composition and abundance of invertebrate taxa from the type-specific communities’; (ii) 
‘the ratio of disturbance-sensitive taxa to insensitive taxa shows slight alteration from type-
specific levels’; and (iii) ‘the level of diversity of invertebrate taxa shows slight signs of 
alteration from type-specific levels’ (European Commission, 2000). There are also other 
concepts and numerical techniques, which are not specified in WFD, but that have been used 
for more than two decades, to interprete macrobenthic data. These tools are: diversity indices, 
multivariate analyses, graphical representations, indicator species and biotic indices 
(Simboura & Zenetos, 2002; Labrune et al., 2006). 
A wide range of biotic indices are currently available as analytical ecological techniques. The 
WFD working groups have adopted these analytical indices for the conduct of data analysis 
and ecological assessments. Most of these indices are based on the classic study of 
Pearson–Rosenberg paradigm (Pearson & Rosenberg, 1978), which postulated that (1) 
species richness tends to increase, (2) dominance tends to decrease, and (3) the proportion 
of sensitive species tends to increase during secondary succession following disturbance. 
Glémarec and Hily (1981), following this model, suggested the classification of macrobenthic 
species in five ecological groups based on their sensitivity in relation to an increasing organic 
enrichment. These categories are: GI, very sensitive species; GII, indifferent species; GIII, 
tolerant species; GIV, second-order opportunistic species, and GV, first-order opportunistic 
species. Since then, discrete biotic index (BI) values have been defined based on the relative 
abundance of each ecological group (Pearson & Rosenberg, 1978; Borja et al., 2000; 
Labrune et al., 2006). 
An important criterion for a biotic index is that needs to be easy to compute, efficient in 
detecting disturbances and usable for most European coasts. To date, methods which 
combine species composition, abundance and sensitivity of benthic fauna to disturbance were 
the most promising. The advantages of biotic index are that they remove much of the 
subjectivity associated with interpreting data, and also provide a simple means of 
communicating complex information to managers and correlating benthic responses with 
stressor data (Ranasinghe et al., 2004; Labrune et al., 2006). 
The AMBI and the recently proposed M-AMBI (Borja et al., 2000), the BENTHIX (Simboura & 
Zenetos, 2002) and the BQI (Rosenberg et al., 2004), are among the most used. Numerous 
papers have been published over the last years on the use of indices to assess the benthic 
status of estuarine and marine water bodies. 
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There are some clear disadvantages in using these indices, and these are: (i) the ecological 
status of their study areas greatly depends on the considered biotic index (Albayrak et al., 
2006; Labrune et al., 2006) and (ii) ecological condition classifications can in some cases be 
contrary to a priori expectations based on existing pressures (Albayrak et al., 2006; Labrune 
et al., 2006; Puente et al., 2008). One reason for the former problem may be that biotic 
indices have been created within the framework of national projects but not to large areas; 
therefore, there is a need for standardization of the protocols and the procedures to use those 
(Labrune et al., 2006). Furthermore, there are some incongruence between indices and their 
inability to detect pressures, more specifically in terms of their (i) lack of sensitivity to different 
kinds of stressors and/or multiple stressors (Albayrak et al., 2006; Labrune et al., 2006), (ii) 
inability to detect subtle changes, (iii) limitations in terms of the effects cause by natural 
variability and anthropogenic stress (Albayrak et al., 2006; Chainho et al., 2008; Puente et al., 
2008) and (iv) limiting information of the tolerating ranges of life history strategies of the 
species in relation to different types of pollutants (Ponti & Abbiati, 2004). 
Currently, most authors recommend the use of combined approaches that incorporate relative 
weighting of biological elements (phytoplankton, macrophytes, invertebrates, fish) and 
physical-chemical variables, according to habitat characteristics. This allows an increased 
reliability of the ecological quality assessment (Dauvin, 2000; Gómez Gesteira & Dauvin, 
2000; Labrune et al., 2006; Salas et al., 2006; Chainho et al., 2008; Puente et al., 2008) 
B. Proposal of Directive of the European Parliament and of the Council establishing a 
Framework for Community Action in the field of Marine Environmental Policy 
(Marine Strategy Framework Directive) 
The Commission proposed a Marine Strategy Directive as part of the EU Marine Strategy in 
October 2005. The Commission proposal for a directive aims to achieve good environmental 
status of the EU's marine waters by 2021, and thereby extending the protective scope of the 
WFD into the open sea. This Directive will establish a network of European Marine Regions 
on the basis of geographical and environmental criteria. In doing so, each Member State will 
be required to develop Marine Strategies for its territorial marine waters. The basis for the 
Marine Framework Directive are in accordance with the Water Framework Directive. The 
European Parliament and the Council will be adopting these proposals by 2008. 
2.1.2. Environmental Regulations in Ports of State General Interest in Spain 
Cartagena Harbour is one of the State-owned ports, classified as "Ports of State General 
Interest" by Act 27/1992, of 24th November. This act regulates State-run Ports and the 
Merchant Navy, modified by Act 62/1997, of 26th December, and more recently by Act 
48/2003, of 26th November. These acts draw a distinction between the ports run by 
Autonomous Regional Governments (e.g. essentially fishing ports, sports marinas and ports 
of refuge), and the State-owned ports or "Ports of State General Interest". 
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Ports of State General Interest meet one or more of the following conditions (Puertos del 
Estado, 2008): (i) International maritime trade is carried out in them; (ii) their commercial 
hinterland affects, to a significant extent, the territory of more than one Regional Government; 
(iii) the annual volume and characteristics of their maritime commercial activities reach 
sufficiently significant levels; (iv) their particular technical or geographical conditions are 
essential to the safety of maritime traffic. Fishing ports, sports marinas and ports of refuge 
lack of local environmental legislation. However, the number of these marinas have increased 
from 131 to 321 since 1975 because of a growing demand for nautical activities (MMA, 2006). 
The state-owned Port System in Spain consists of 50 General Interest Ports, managed by 27 
Port Authorities – Cartagena Port Authority in the case of Cartagena Harbour-. The Public 
Entity "Puertos del Estado" is responsible for coordination and efficiency control. This entity 
depends directly on the Spanish Ministry for Transport and Public. The General Interest Ports 
are intended to respond to the 'landlord' model. The Port Authority only provides the port land 
and infrastructure, and regulate the use of this public property. The port services are 
essentially provided by private sector operators under an authorization or concession regime 
(Puertos del Estado, 2008). 
Table 2 shows the authorization process for each environmental issue in the General Interest 
Ports: 
Table 2. Regulation of environmental issues in General Interest Port in Spain 
Environmental issues Regulation or Authorization 
Industrial or commercial activity Authorization by the Port Authority 
New construction, enlargement 
or modification of the harbour 
Environmental Impact Assessment study by the Port 
Authority or “Puertos del Estado” 
Dredging, disposal or use of 
dredged material 
Dredged material management study and 
authorization by the Port Authority 
Dumping from ships (solid or 
liquid) 
Forbidden and must be disposed in special facilities 
(ballast water, oil and chemical waste). Controlled by 
Merchant Marine 
Dumping from land Authorization by Autonomous Regional Governments 
“Puertos del Estado” recognises that Port Authorities can be responsible for protecting the 
environment within the port areas through: the control of the environmental activities carried 
out by companies, the implementation of environmental management systems, the promotion 
of good practices, the technical support and consultancy in relation to waste management, the 
creation of recycling installations, etc. The environment management, specially the 
implementation of environment management system, is a priority objective of “Puertos del 
Estado”. A number of port entities have already implemented environment management 
systems in certain services. Furthermore, some port entities do hold an Environmental Policy 
which has the foundation to the establishment of an Environmental Management System 
(Puertos del Estado, 2008).  
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At present, there are different Public Organisms in Spain that are responsible in the 
management of the marine waters, ecosystems and nearby land. Table 3 shows examples of 
these cases (MMA, 2006): 
Table 3. Public Organisms with authority in marine waters (MMA, 2006) 
Issue Public Organism 
“Dominio Público Marítimo-Terrestre” 
(Maritime-Land areas) 
Dirección General de Costas, Ministerio de 
Medio Ambiente 
Biodiversity Dirección General de Biodiversidad, Ministerio de Medio Ambiente 
Water quality and dumping from land 
effluents 
Autonomous Regional Governments 
General Interest Ports Puertos del Estado, Ministerio de Fomento 
Sport and fishing marinas Autonomous Regional Governments 
Fishing Ministerio de Agricultura y Alimentación 
Researching Ministerio de Educación y Ciencia 
Ports of State General possess some recommendations in relation to the port areas, the most 
relevant ones are outlined below: 
a) ROM 5.1 Recommendation: Quality of the water in the port-side area 
The ROM Program started at 1987 by order of the Port and Cost General Director of the 
Ministry for Transport and Public Works. Since 1992, the public entity “Puertos del 
Estado” continued developing the Recommendations for Port Works (“Recomendaciones 
de Obras Marítimas”, ROM). The ROM 5.1. is part of the ROM Group 5 which is entitled 
“Maritime and Port Works in the Coastline Area”. This recommendation is constituted by a 
series of rules (Revilla & Juanes, 2005). These are: ROM 5.0. General Criteria for the 
Analysis of the Impact on the Environment; ROM 5.1. Quality of the water in the port and 
adjacent area: waste products and outfalls; ROM 5.2. Maritime and Port works on the 
coast; and ROM 5.3. Dredging and padding. 
ROM 5.1. Recommendation is a first methodology and technical tool for the water port 
management which is in relation to the environmental evaluation of the port activities. Its 
main objective is to establish a common methodology for the quality management of the 
port water bodies. This is only a recommendation rather than a law requirement of the 
Port Authority. There are specific objectives which are (Revilla & Juanes, 2005): (i) to 
provide methods for establishing port uses and classifying different harbour waters; (ii) to 
provide a system of water and sediment port quality indicators; and (iii) to establish an 
environmental monitoring system for port water bodies and an environmental risk 
assessment program. 
ROM 5.1. Recommendation consists on the following stages to assess the ecological 
status of the ports: 
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1) Classification of aquatic environment uses in the port area. 
2) Definition of water bodies categories: “natural waters” or “heavily modified water 
bodies”. 
3) Establish bottom type and type of water renovation in each water body category 
previously defined. 
4) Selection and use of indicators (physical-chemical and biological) according to the 
defined water body categories. 
According to ROM 5.1., a selection of physical-chemical and biological indicators is 
required in order to establish the chemical quality and ecological status of the harbour. 
The indicators proposed are shown in Table 4: 
Table 4. Defined Indicators by ROM 5.1. (Revilla & Juanes, 2005) 
  Indicators 
















Total Organic Carbon (TOC), Kjeldahl nytrogen (NTK), 
Total phosphorus (P), Heavy metals ( Hg, Cd, Pb, Cu, 














Biological Benthic communities (Visual by diving sampling) 
Biological communitites inhabiting rocky substrates will be determined by direct 
observation at a ranging on depth levels (e.g. intertidal, 0-5, 5-15, 15-30 and more than 
30 meters depth) along transects previously defined. ROM 5.1. excludes the monitoring of 
soft-bottom communities and therefore benthic indices are not included in this criteria (see 
Table 4). 
b) Recommendations for dredged material management 
Since 1994, public and private agencies have enacted specific recommendations that 
have been routinely used for dredged material management in Spain (CEDEX, 2001). 
Based on these recommendations, dredged material is first analyzed to measure some 
conventional sediment parameters (e.g., grain size distribution, organic matter content, 
microbiological contamination) and to quantify some contaminants in the <63 µm fraction. 
The results of these analyses are then compared against a list of reference values, 
corresponding to the low and high sediment quality guidelines, named Action Levels 1 
(AL1) and Action Levels 2 (AL2) (Table 5). The resulting sediments are classified into 
three different categories (CEDEX, 2001): 
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• Category I includes materials that possess concentrations lower than Action 
Level 1 (AL1). These materials are considered suitable for open water disposal 
and follow a normal authorization process. 
• Category II includes materials with concentrations between AL1 and AL2. These 
materials need to be further analyzed for classification into either category I or III. 
• Category III includes materials with all concentrations higher than Action Level 2 
(AL2). These materials need a special authorization process since they are not 
suitable for open water disposal. 
Table 5. Action Levels used in Spain for dredged material management (CEDEX, 2001). 
Concentrations are given in the <63-µm of the sediment fraction. 
Components Action Level 1 
(mg kg–1 dry weight) 
Action Level 2 
(mg kg–1 dry weight) 
Hg 0.6 3.0 
Cd 1.0 5.0 
Pb 120 600 
Cu 100 400 
As 80 200 
Cr 200 1000 
Ni 100 400 
Zn 500 3000 
2.2.  MONITORING OF SOFT-BOTTOM MACROBENTHOS COMMUNITIES IN HARBOURS 
The determination of benthic invertebrate macrofauna (larger than 0.5 or 1 mm in size) 
conforms one of the main components of the monitoring programme to assess the biological 
effects of marine pollution (Warwick, 1988b; Olsgard & Somerfield, 2000). 
This is mainly due to the fact that benthic infaunal species reflect not only the conditions at the 
time of sampling but also for some time previously. In contrast, analysis of the water column 
for planktonic organisms or water quality indicate conditions only at the time of sampling 
(Pearson & Rosenberg, 1978; Reish, 1986; Warwick, 1988a, 1993). Other reasons for 
selecting benthos infauna to assess the ecological status are: (i) they are an important 
component in marine ecosystems, playing a vital role in nutrient cycling, detrital 
decomposition and as a food source for higher trophic levels (ii) their lifespan is relatively long 
and stable; (iii) they exhibit moderately fast responses to stress; (iv) they are predominantly 
sessile or slow-moving organisms, vulnerable to the effects of sediment contamination; and 
(v) they assimilate the effects of pollutants over time (Belan, 2004; Gómez Gesteira & Dauvin, 
2005; Reiss & Kröncke, 2005). 
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Nevertheless, there are some constraints in the use of benthic community for marine pollution 
monitoring. Firstly, many natural environmental variables (e.g. water depth and sediment 
type) might also modify community structure. This presents some constraints in that it is not 
always possible to separate their changes from anthropogenic effects. Secondly, these use of 
benthic communities are highly labour-intensive (i.e. sampling effort and laboratory analysis). 
The sorting and identification stages to reach species levels requires a considerable degree of 
taxonomic expertise, and in some marine areas, identification taxonomic keys are insufficient 
or not readily available (Warwick, 1988b; Hutchings, 1998). 
The first investigations of the role of benthos in areas affected by marine pollution have been 
carried out between 1932-1938, at River Tees and Mersey Estuary (United Kingdom) and 
Copenhagen Harbour in Europe. Results from these studies evidenced that some species of 
polychaetes flourished well near domestic outfall sewers (Reish, 1955). In United States, 
benthic research began in San Francisco Bay in 1951. In these studies the seasonal and 
quantitative aspects among benthos and pollution in a bay or harbour was not addressed. 
These research was only limited to the bottom fauna and only divided different polluted to 
non-polluted zones (Reish, 1955, 1986). 
Monitoring marine habitats for environmental conditions in harbours started more than 20 
years ago, when the consequences of little or no treatment waste discharges and industrial 
activities were evident: loss of fisheries, odour and diseases that affected the population 
nearby. Thus, the urban and industrial effluents were restricted or diverted to treatment plants, 
and the dumping of sewage sludge was forbidden by Government’s regulations (e.g. Clean 
Act in USA, in the 1980s, and several European directives in the 1990´s (Reish, 1955; He & 
Morrison, 2001; Çinar et al., 2006). 
The effects of these regulations and laws were noted in the improvement of ecological 
conditions in harbours (He & Morrison, 2001; Çinar et al., 2006). In some ports, in which 
studies have been made for more than 35 years, the polluted zones were repopulated, and at 
present, they are characterized by more varied fauna (Reish, 1986; Solis-Weiss et al., 2004). 
However, harbour sediments are still a sink for many pollutants as a result of poor 
environmental management legacy in the past, and therefore, benthic communities have a 
low diversity and opportunistic species are very abundant inside the harbour, with polychaete 
as the most abundant group of the macrobenthos (Guevara-Riba et al., 2004; Casado-
Martínez et al., 2006a). 
Considering all these reasons outlined above it is opportune to monitor the environment in 
area within and adjacent to harbours to assess the environmental effects related to the 
activities occurring at these sites. Wooldridge et al. (1999), highlighted four main stages that 
can be considered when developing a harbour monitoring programme: 
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a. Recognise the specific environmental challenges and legislative/policy drivers; 
b. Determine the existing available information (such as dredging test results, water 
monitoring by regulatory bodies or even data on fish catches from local associations), 
and its characteristics (i.e. what format, scale and resolution) collected within the port 
area by a wide range of users; 
c. Develop a system to maximise the usage of existing data and ways to incorporate new 
information; 
d. Select monitoring methods which will most adequately fill in knowledge deficiency. 
The benthic component should be a part of a harbour monitoring programme together with 
water and sediment parameters to gain an informed set of variables to represent fully the 
overall system. To date the purpose of physical-chemical and biological monitoring strategies 
are mainly to detect and measure change in various environmental features over time. In 
addition, to assess the degree of change and to evaluate the significance of change by 
identifying remedial actions if these are necessary. The benefits gained by adopting a robust 
monitoring programme will ensure the protection of the environment. This strategy may also 
demonstrate that some port activities may have a localised effect on resulting from its 
activities (Wooldridge et al., 1999). 
The design of an effective benthos sampling programme mainly depends on the detailed aims 
of the study in parallel with its budget constraints (i.e. time, financial support, laboratory 
facilities). In doing so, it is necessary to employ the most adequate sampling methods and 
techniques which will provide the most effective data sets (Rumohr, 1990; Wooldridge et al., 
1999). At present, sampling traditional methods (i.e. collection of benthic samples and 
subsequently laboratory processing) are employed worldwide in harbour monitoring 
programmes. Furthermore, the use of optical techniques such as Sediment Profile Imaging 
(SPI) methods and videos of the samples  has been worldwide employed in numerous 
sediment quality surveys throughout the United States, Pacific Rim, and in Europe, but it is 
minimal usage for sampling port areas (Germano, 1995; Rosenberg & Nilsson, 2005). 
2.2.1. Traditional methods of soft-bottom sampling 
These methods involves the use of a sampling gear for collect sediment samples, separation 
of organisms from the sediment, identification of organisms present, and various numerical 
analyses of the resulting data. The steps involved in traditional methods used in harbours are: 
(i) sampling with a suitable gear; (ii) sieving and fixation the material retained; (iii) sorting and 
identification of the benthos; and (iv) analysis of results (by using statistical analysis). There is 
no single standard sampling gear for benthic investigations. The choice of a suitable sampler 
depends on: specific sampling characteristics in different sediment types, good handling 
characteristic at sea in bad weather conditions, suitability for vessels, financial limitations, 
tradition and scientific questions (Rumohr, 1990). 
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The most employed types of equipment are box corer and grab sampling for collection of 
macrobenthic samples. Research conducted by Rumohr (1990) demonstrated that there is no 
statistical differences in the sampling captivity and representation of macrobenthic collection 
between them (Rumohr, 1990). A summary can be seen in Table 6 which illustrates 
advantages and disadvantages between box corers and grabs (Rumohr, 1990): 
Table 6. Summary of differences between grabs and box corers (modified from Rumohr, 1990) 
 Grabs Box corers 
Purpose 
Quick and easy sampling of topmost 
sediments 
Sampling of sediment surfaces and topmost sediments 
Sample quality Surface disturbed, often washed out Good 
Advantages Reliability and simplicity of handling 
Superior characteristics, especially in sandy sediments: good 
penetration capability and lack of seabed disturbance 
Problems 
Light grabs can be drifted by currents. 
Surface disturbed and distortion of the 
sample 
The need for relatively calm weather. It is heavy,  expensive 
and needs large vessels. Difficult to attach TV systems and 
corals and stones can block knife 
Additionally, van Veen grabs are the most employed sampling equipment in harbour whilst 
monitoring benthic communities. In harbours, 0,5 or 1 mm mesh size sieves are used 
indistinctly. For descriptive or pollution surveys, sieves used for extraction of the macrofauna 
from sediments should have a mesh size of 1.0 mm. The use of an additional finer sieve of 
mesh sieze 0.5 mm, or even finer, is recommend for special purposes, as determination of 
production, size of age range of population, etc (Rumohr, 1990). Regard to fixation almost in 
all harbour surveys it is used a buffered of 4% or 10% formaldehyde solution, and in special 
cases the narcotizing agents before fixation is used. 
The identification of organisms at species level within communities represents the greatest 
constraint in terms of time and costs, especially in harbours where some families of the most 
abundant group polychaete (e.g. Cirratulidae and Capitellidae) are not so well studied in some 
part of the world when compared to other families. The most employed analytical techniques 
to measure the state and quality of the benthic communities in harbours are mainly diversity 
measures (Guerra-García & García-Gómez, 2004; Çinar et al., 2006; Martínez-Lladó et al., 
2007), feeding groups (Pinedo et al., 1997; De Biasi et al., 2004;), and more recently applied 
the AMBI index (Martínez-Lladó et al., 2007). 
2.2.2. Imaging techniques: Sediment Profile Imaging (SPI) 
The use of non-destructive imaging methods, which enable to collect in situ information of the 
benthic system, have a longer history of use on a wide range of substrata rather than soft 
sediments (Rumohr, 1995). Sediment profile imagery (SPI) camera provides in situ 
information on animal–sediment relations on soft sediment communities. This equipment 
works like an inverted periscope, and collect images of the seabed (Figure 3) (O´Reilly et al., 
2006). 
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The oxidation state of the surficial sediments, and the visible artefacts of structures resulting 
from bioturbation are used to calculate indices of benthic habitat quality: Organism Sediment 
Index (OSI) (Rhoads and Germano, 1982, 1986) and benthic habitat quality (BHQ) index 
(Nilsson and Rosenberg, 1997). SPI provides the ability to measure a wide range of physical, 
chemical and biological parameters (Rosenberg & Nilsson, 2005). 
 
Figure 3. Schematic drawing of a Sediment Profile Imaging (SPI) camera system. 
After tension is released from the wire, the optical prism falls slowly to the sea floor, cutting it in vertical profile. A, 
winch wire; B, oil-filled cylinder; C, pistons rod; D, piston with a small hole; E, batteries; F, lead weights; G, camera; 
H, lights; I, guillotine filled with distilled water; J, sediment-water interface; K, 45º-angle mirror reflecting image 
vertically to camera (Rhoads, 1974) 
The information obtained by traditional sampling tools can be in cases very localised to only a 
specific point on the seabed from which the sample was collected. Therefore, with continuous 
improvements in acoustic and optical techniques together with traditional tools, there is 
potential for assessing anthropogenic effects, especially in areas of known habitat 
heterogeneity (Birchenough et al., 2006). A summary of advantages and disadvantages of 
traditional and imaging methods are outlined in table 7: 
Table 7. Summary of uses, advantages and disadvantages of conventional monitoring techniques and 
imaging methods (Rumohr, 1995) 
 
Advantages Disadvantages Uses 
Traditional methods 
Identification of all the 












In-situ view of the habitats 
Non-destructive 
Sometimes repeated 
sampling at the same spot 
Small specimens overlooked 
Not possible biomass 
determination 
Need a big vessel 
Mapping communities 
on the seafloor 
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Even though coastal managers have used SPI for 30 years, most studies and assessments of 
benthic communities do not use this technology. Traditional benthic sampling are still 
preferred in assessment of benthic environment quality, and SPI is most utilized for studies of 
dredging and disposal of dredged material, hypoxia and map of spatial patterns in sediments 
(Birchenough et al., 2006; O´Reilly et al., 2006). SPI has been used in some USA harbours. 
For example, in Gloucester harbour the SPI surveys demonstrated a gradient from degraded 
seafloor habitat quality in the inner harbor to increasingly higher seafloor habitat quality (non-
degraded) throughout the outer harbor (Wilbut, 2004). There is scope to incorporate the SPI 
system into more conventional monitoring programmes. SPI survey has the advantage to 
cover large areas of the seabed, quickly provide a snap-shot of the status of macrobenthic 
communities and provide a simple tool to communicate findings to non-specialists. 
2.2.3. Polychaetes: key taxa for harbour benthos monitoring 
A clear objective of biomonitoring is to assess the impact of man-made changes, and this can 
be achieved in at least in three ways: (1) by examining the effects that some chemicals have 
on representative organisms through bioassay techniques, (2) by assessing the body burdens 
of chemical residues in selected organisms; and (3) by examining the biota which have been 
affected by chemical contaminants at the level of species, population or community 
(Pocklington & Wells, 1992). 
It is clear that bottom macrofauna present advantages due to its complexity in relation to a 
wide size range of organisms and a large number of species. However, the benthic 
community approach has been criticised due to sample analysis is so time consuming. In this 
case, analysis of some specific taxonomic group seems to be more suitable. Thus, 
polychaetes can be suitable as they are used in each of the above approaches - as bioassay 
organisms, as monitors for toxic materials, and as pollution indicators at the various levels 
(Olsgard & Somerfield, 2000; Belan, 2004; Giangrande et al., 2005;). 
Polychaetes are one of the most important taxonomic group in benthic soft-bottom 
communities; they are the most frequent and abundant, exhibit a wide variety of feeding 
methods, widely distributed geographically and occupy a variety of marine habitat (Knox, 
1977; Fauchald & Jumars, 1979; Gambi & Giangrande, 1985a, 1985b, 1985c; Reish & 
Gerlinger, 1997; Hutchings, 1998;). In addition, the state of polychaete is a reliable indicator of 
the state of benthos communities as a whole, since this taxon contains both sensitive and 
tolerant (Hutchings, 1998; Belan, 2004; Lu & Wu, 2007). On the other hand, polychaetes have 
been used as bioassay organisms because they have a short life-cycle, can be transported 
easily, and laboratory cultures of certain species can be maintained (Pocklington & Wells, 
1992). Reish and Gerlinger (1997) reported that 48 different species of polychaetes from 20 
families have been used as bioassay test species, and pointed out that the results of aquatic 
and sediment tests with polychaetes and other organisms will be used to develop water 
quality objectives in marine pollution control plans (Reish & Gerlinger, 1997). 
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Polychaetes are also good monitors of the presence of anthropogenic compounds in marine 
waters for several reasons. Many polychaetes will accumulate toxic materials within their 
tissues in concentrations proportional to concentrations found in their environment. This ability 
makes them good indicators of the presence and bioaccumulation potential of these 
materials. Furthermore, polychaetes have been implicated in the biomagnification of 
anthropogenic compounds such as PCBs, and metal organic complexes, e.g. organotins 
(Pocklington & Wells, 1992). 
Therefore, polychaetes have been extensively used in coastal studies for monitoring purposes 
in soft-bottom habitat all over the world (Cardell et al., 1999; Muniz & Pires, 1999; Martin et 
al., 2000; Probert et al., 2001; Carrasco & Moreno, 2006), and in harbour monitoring too 
(Belan, 2004; Guerra-García & García-Gómez, 2004; Rivero et al., 2005). The study of 
polychaetes assemblages to monitor the harbour environment is also important for other 
reasons (Knox, 1977; Pocklington & Wells, 1992; Giangrande et al., 2005; Rivero et al., 
2005): 
a) They are the most important group inhabiting stressed regions of a pollution gradient, 
as harbours, because many species have a high level of tolerance to adverse effects. 
b) Use of polychaetes in monitoring marine environmental quality is of special value 
because of their direct contact with the water column and sediments of their 
environment, and because some species are the first colonist species after a 
disturbance. 
c) The presence or absences of some indicator species or even families are currently 
known as pollution indicators. Such species mainly belong to the Capitellidae, 
Cirratulidae, and Spionidae families, which are abundant in harbour environment. 
According to Knox (1977), it is clear that the condition of an area could be determined from an 
analysis of the polychaetes present. However, it also has drawbacks (Hutchings, 1998): 
• It is required trained polychaete taxonomists or good species determination keys of 
polychetes, because some of the current work, especially environmental impact 
studies which are made with low budgets and time, is suspect because of the 
deficiencies in species determination. However, once polychaete species were 
determined in an area, the subsequent taxonomic and ecological studies will be 
easier and less time consuming. 
• Many regions of the world rely on monographs produced for Europe, North America 
and South Africa to identify their fauna, and this has led to many species being 
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CHAPTER 3. APPROACH AND OBJETIVES 
This doctoral thesis was funded under an existing research project entitled “Sistema 
Integrado de Seguimiento de la Calidad del Agua con Aplicación al Sector Marítimo 
Portuario” or SISCART (Monitoring network of water quality with application to harbours and 
ports). The main objective was to design a monitoring programme for harbours that include 
water, sediment and biological components considering the current legislation (WFD, ROM 
5.1., etc.), specifically in this case Cartagena harbour, in conjuction with “Puertos del 
Estado” and Cartagena Port Authority. The study of water and sediment components were 
developed, in parallel with biological component (macrobenthos), as part of another doctoral 
thesis entitled “Bases Científico Técnicas para el Diseño de la Red de Control de la Calidad 
del Agua en el Entorno Marítimo Portuario de Cartagena” (López-Samaniego, 2007), which 
was developed in Geology and Geochemistry Department of Universidad Autónoma de 
Madrid. 
The main aim of this doctoral thesis was to provide baseline information of the soft-bottom 
polychaete assemblages of Cartagena harbour, and their relations with some environmental 
variables. The results of this study will allow the development of a biological monitoring 
programme in combination with water and sediment. The information developed in this 
doctoral study complements with the findings obtained as part of the water and sediment 
components (López-Samaniego, 2007). 
The specific aims of the study were: 
a) To characterize most abundant taxonomic group within the macrobenthos, 
polychaetes, in Cartagena harbour in terms of species composition, abundance, 
dominance, trophic and ecological groups. 
b) To analyze the spatial and temporal changes of polychaete assemblages and their 
relationships with environmental variables. 
c) To establish a biological quality monitoring programme in Cartagena harbour. 
d) To conduct a wide assessment on polychaete species encountered in ports of Spain 
and worldwide. 
e) To discuss the utility of benthos monitoring, and especially polychaetes, in the 
environmental quality programmes of Spanish ports and marinas. 
f) To make an initial approach in the study of heavy metal in Nephtys jaws of several 
species from Cartagena harbour and other areas of Spain. 
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CHAPTER 4. STUDY AREA 
4.1. CHARACTERISTICS AND FACILITIES OF CARTAGENA HARBOUR 
Cartagena harbour is a medium size coastal breakwater port located on the south east coast 
of Spain, inside Cartagena city (Murcia province, 0º 59’ W and 37º 35’ N) (Morales, 2004) 
(Figure 4). It is situated in a wide bay between Tiñoso cape and “Punta de los Aguilones” 
(Figure 5; Figure A.1., Appendix I). 
Cartagena harbour is one of the most important ports, together with Algeciras, in the South 
and Southeast Spain. It has two indenpendent basins, called Cartagena and Escombreras, 
which are separated 1.5 miles by sea and 5 km by road. Cartagena harbour has two different 
zones: the inner (Zone I, Cartagena and Escombreras basin, total surface area of 259.65 ha) 
and the outer (Zone II, total surface area of 577.70 ha), where outside anchorages are located 
(Figures 5 and 6). Its jetties have 5000 m long, with depths of 6-12 m in Cartagena basin, and 
10-21 m in Escombreras basin (Figures 7 and 8) (Morales, 2004). 
 
 






Figure 5. Cartagena harbour basins location map (outer anchorages are represented by circles) 
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WATER SURFACE (ha) 
ZONE I Cartagena Escombreras Total 
Trade 112,73 105,18 217,91 
Fishing 1,23 0,17 1,40 
Other activities 4,96 1,23 6,19 
ZONE II (outside basins) 
Approaches (accesos) Anchorage Other Total 
209,30 4446,26 106,10 4778 
LAND SURFACE (m2) 
Store area Road Other Total 
521.602 226.038 975.760 1.723.400 
 
Escombreras Basin
Cartagena Basin Water and land surface of Cartagena harbour
(Cartagena Port Authority, 2002)
 
Figure 6. Cartagena and Escombreras basins: Water and land surface 
Recent public initiatives resulting from an increase in the activities in Escombreras lead to the 
extension of this basin in 2003. The new docks will be situated between “Punta de los 
Aguilones” and Escombreras island (Figure A.1., Appendix I). This new area will be mainly 
used for trading and oil loading and unloading. The deadline for this new terminal to become 
operational is in 2009. There is already a section of the new dock being used since 2007 
(Morales, 2004). 
Figure 7. Escombreras basin view 
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4.1.1. HISTORICAL CONTEXT 
Cartagena has a rich and old history. Their origins go back to 1184 B.C. when Teucro, king of 
Salaminos, established a new town after Troya war was finished. Subsequently, several old 
civilizations settled down in this city and renamed it: Iberians tribes (Mastia city); Punic tribes 
(renamed it as Kartha-Dast); Romans called it Carthago Nova, which was one of the most 
important Roman cities in Hispania; and in 711 A.C., it was invaded by Arabians (Conesa 
García & García García, 2003). 
 
Figure 9. Cartagena harbour in Punic-roman 
period 
 
Figure 10. Cartagena harbour in Arabic period 
During the Punic-roman (Figure 9) and Arabic (Figure 10) periods, the city was situated on a 
peninsula which was bounded by an interior lagoon to the North and the harbour to the South. 
The lagoon was connected with Cartagena Bay by a channel. Due to the accumulation of 
sediments that came from nearby watercourses (“Benipila” in the west, and “El Hondón” in the 
east) and to the sea level decline, the old lagoon turned into a swampy area called “El 
Almarjal” (Al-marya) by the Arabians (Conesa García & García García, 2003). 
In the XV century, a large number of soap industries were installed near Mandarache Sea 
(west of Cartagena city) because of the abundance of sosa plants that grew in this area. 
These industries dumped their sewage water to the sea. In the XVI century, the population 
increased and more industries were installed (gunpowder and weapon production), and the 
harbour was opened to trade with all the Mediterranean Sea (Figure 11) (Conesa García & 
García García, 2003). 
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At the end of XVII century, “El Almarjal” lagoon was reduced as consequence of the 
uncontrolled discharge of sewage water in the Mandarache Sea by the industries (Figure 12) 
(Conesa García & García García, 2003). 
 
Figure 11. Cartagena harbour in the XVI century 
 
Figure 12. Cartagena harbour in the XVII century 
In 1782, a naval dockyard was constructed at Mandarache Sea and, therefore, Benipila 
watercourse was diverted to Algameca Chica by a channel (Figure 12). At the end of XVIII 
century, “El Almarjal” lagoon was definitively isolated from the open sea (Figure 13), and was 
completely drained for avoiding epidemic diseases (Conesa García & García García, 2003).  
 
Figure 13. Cartagena harbour in the XVIII century 
In XIX century, various chemical and mining industries were established in Cartagena 
because of its geographic situation, its harbour and the presence of wealthy mines at the 
“Sierra de Cartagena” mountains. Sewage, mining, and toxic materials associated with these 
industries were largely unregulated and polluted waterways for over two centuries. 
Industrialization and centuries of resource exploitation resulted in cumulative degradation of 
the harbour marine environment (Conesa García & García García, 2003; Morales, 2004). 
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4.1.2. INDUSTRIAL ACTIVITIES IN THE AREA 
Cartagena is renowned by its industrial activity. The chemical industries, most of them 
situated in Escombreras basin, are very important economically, and there are more than 20 
companies in total in the area which are: oil refineries; nuclear combustible treatment plants; 
energy, gas and water production, treatment and distribution; waste treatment plant, etc. 
(CEDEX, 2005b). The construction of the new docks in Escombreras basin caused alarm and 
concern among the population, and an important environmental impact on the landscape of 
Cartagena coast, as two of the natural protected areas near Escombreras basin, “Punta de 
los Aguilones” and Escombreras island, have been altered (Figure 5). 
a) Maritime traffic 
The most important unloaded goods in Cartagena harbour are liquid and solid bulks, and 
packaged cargo. The anchoraged vessels in Cartagena harbour are used for trading 
especially with countries of Europe, Persian Gulf, North of Africa, Caribbean, all around the 
Mediterranean Sea, and other parts of the world. They import solid and liquid bulks (oil, gas, 
etc) and export food and agriculture products from Murcia area, plastic, fuel and other 
goods (Morales, 2004). 
In Cartagena basin most of the goods discharges are “clean”: mostly containers and not 
dangerous goods, passengers, fishing and yacht traffic (Figure 14). The risk of accidental 
spills of these activities is low. Nevertheless, this risk is higher nearby the shipbuilding 
terminal due to cleaning and repairing activities of vessels. 
 
Figure 14. Santa Lucía Jetty view (Cartagena basin) 
 
Figure 15. Fertilizers Jetty view (Escombreras basin) 
In contrast, at Escombreras basin most of the discharged bulks and goods are contaminant, 
dangerous and some of them explosives (oil, fuel, gas, agriculture fertilizers, chemical 
products, etc), and the risk of accidental spills is higher than at Cartagena basin (Figure 15). 
Furthermore, there are fourteen vessel anchorages outside the basins, in the zone II, for 
special or with a deep draft vessels, where the risk of accidental spills are high too (Figure 
5). 
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b) Industrial activities 
Industrial activities started in Cartagena basin approximately over the past four decades. 
Currently, most of the industries are located near by Escombreras basin. However, the 
environments in both basins have been degradated due to historical legacy of discharges 
(chemical products, oils, fertilizers, etc) (CEDEX, 1983; Morales, 2004). At present, 
industrial discharges are regulated by Autonomous Regional Government of Murcia, and all 
the industries must have an authorization for dispose off from land sources with an 
adequate control of the quantity and quality of the waste discharged. 
b.1) Historical industrial activities 
 Cartagena basin 
Only fishing and mineral industries were located in Cartagena basin until the 18th century, 
when the shipbuilding terminal was constructed. From the 19th and mostly the 20th 
century, there were important industrial activities as it is shown in the table 8 (CEDEX, 
1983): 
Table 8. Historical industrial discharges to Cartagena basin (several authors) (NA= not available) 
Company Activity Open/Closure year Discharge localization 









Peñarroya-España, S. A.” 
Galena working mine 
and silver and lead 
production of “Sierra de 
Cartagena-La Unión” 
NA/1992 Santa Lucía Jetty 
“Grupo de fertilizantes 





Santa Lucía Jetty 
Bazán shipyard Shipbuilding Still open Military basin 
“Española del Zinc” Zn and sulfuric acid production NA/2005 
Santa Lucía Jetty. Discharge with 
high concentration of zinc 
Ship scrapping - NA “Espalmador grande” at the mouth 
of the basin 
Near the port entrance it was found high iron values in the water may be due to the 
proximity of the ship scrapping. Furthermore, there were also several discharges of 
sewage waste from Cartagena city to the basin: Almarjal channel at Alfonso XII jetty with 
high concentration of zinc, cadmium, lead and mercury, Bazán jetty (from a marina) and 
two watercourses (“ramblas”) near Santa Lucía jetty (Figure 16) (CEDEX, 1983). 









Figure 16. Cartagena basin discharges 
 Escombreras basin 
Escombreras derived from scombro latin word that means mackerel (Scombrus spp.), a 
very abundant fish in the past, with which the Romans made a special food sauce called 
garum (Gómez, 2003). Table 9 shows the first industries established in Escombreras 
basin (Figure 17) (CEDEX, 1983): 
Table 9. Historical industrial discharges to Escombreras basin (NA= not available) 
(CEDEX, 1983; Gómez, 2003) 
Company Activity Open/Closure year Discharge localization 
“Banca Roux and 
Societé Minière et 
Métallurgique of 
Peñarroya” 
Mines and metallurgic 
activity from lead 1830/NA NA 
“San Jorge y San 




Oil refinery (75% of 
national consumption in 
1960) 
1950 to present 
Bastarreche Breakwater and “El 
Fangal” watercourse. Discharge of 
sewage water and hydrocarbon 
accidental spills 
“Hidroeléctrica 
Española y Butano 
S.A “(currently 
REPSOL) 
Electricity production 1957 to present Nearby Bastarreche Break water 




Fertilizers Jetty. Discharge with 
high concentration of iron, lead, 
copper and zinc 
“Abonos Complejos 
del Sureste, S.A.” 
(ASUR) 
Fertilizers NA 
Fertilizers Jetty. Discharge with 
high concentration of nitrogen, 
phosphorus and potassium. 
ENAGAS Natural Gas production 1989 to present 
“Punta del Gate”. Discharge of 
facility clean products (high 
concentration of iron, copper, etc) 















Figure 17. Escombreras basin discharges 
 Outer Harbour 
Algameca Chica watercourse: sewage water from Cartagena city. At present, there is a 
sewage treatment plant in the city, but sometimes there are discharges from this 
watercourse to the sea (Cartagena Port Authority, pers. comm.) (Figure A.1., Appendix I). 
b.2) Current discharges 
There are eleven companies located within Cartagena harbour with discharge permits or 
authorizations (Table 10): 
Table 10. Companies with discharge permits in Cartagena harbour (CMAOT, 2003) 
Company Activity Discharge localization 
“Española del Zinc” (ZINCSA) Chemical: Zn and sulfuric acid production 
“E.N. Bazán CNM, S.A.” Shipbuilding company 
IZAR Shipbuilding company (warships) 
Cartagena basin 
“REPSOL Petróleo, S.A.” Petrochemical 
General Electric Plastic España, S.A. 
(GEPESA) Plastic production 
ENAGAS, S.A.  Energy production (Gas) 
IBERDROLA Power stations; two discharge permits 
AES Corporation Combined cycle gas turbine generation plant 
“Fostatos de Cartagena” Chemical: phosphates production 
“Aceites Esenciales del Mediterráneo¨” 
(AEMEDSA) Cosmetic oils 
“Química del Estroncio, S.A.” Chemical: ammonium sulphates and nitrates, Sr 
carbonates 
Escombreras basin 
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After the works of the new docks in Escombreras (2007), some of these waste discharges 
have changed their localization. Apart from waste discharges, there are discharges from 
watercourses with mostly rainwater, but sometimes there have been accidental spills of 
sewage or waste water of unknown origin, especially at “Santa Lucía” Jetty (Cartagena 
basin), “Rambla del Fangal” (Escombreras basin) and “Algameca Chica” (outer) (Figures 16 
and 17). Furthermore, between 2004 and 2005, there have been several oil spills due to the 
movement of contaminated land to construct the new docks in Escombreras basin. The Port 
Authority had to install safety barriers in order to avoid the spill of these contaminants into 
the water (López-Samaniego, 2007). 
c) Dredging activities 
Current records from Cartagena Port Authority states that no dredging activities have been 
conducted over the past eight years. Furthermore, there has not being dredged material 
disposal at sea from 1995. Thus, the volume of dredge material have been less than 
1.700.000 m3 in the last thirty years (López-Samaniego, 2007). 
Results from studies conducted in the area (CEDEX, 1983, 2001) evidenced that dredged 
material from Cartagena harbour was contaminated with heavy metals (Hg, Cd, Zn, Pb) 
across several areas. Therefore, these dredged material have been characterised as 
category III. These values showed that concentration from heavy metals are above Action 
Level 2 of the Spanish recommendations for dredged material management (see Table 5). 
These materials will need a special authorization process since there are not considered 
suitable for open water disposal (CEDEX, 2001). 
4.1.3. CARTAGENA HARBOUR ENVIRONMENTAL QUALITY 
The environmental quality of Cartagena Harbour is the typical of an urban and industrial port, 
characterized by some areas that have been degradated and areas of limited human 
perturbation. The current status of Cartagena’s marine environment is the product of years of 
anthropogenic stress from point (wastewater and industrial discharges) and non-point (urban 
runoff) sources of pollutants, and urban and port development that modified the natural 
landscape and environmental conditions. 
The water quality and anthropogenic pollution of Cartagena harbour was first studied in 1981 
by the “Centro de Estudios y Experimentación de Obras Públicas” (CEDEX), an Spanish 
institution that provides multidisciplinar support in civil engineering technologies, construction 
and associated environment. CEDEX survey showed that there were three main sources of 
pollution: various types of discharges inside Cartagena and Escombreras basins, and 
wastewater discharge at “Algameca Chica” outside the basins (CEDEX, 1983). 
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In Cartagena basin, there were a great number of floating solids, water colour changed from 
bright green to dark brown from one area to another and phospates values were the highest 
inside the harbour. The Almarjal channel had the highest values of Cd, Pb and Zn. In contrast, 
Escombreras basin had the highest nutrient (amonium, nitrates and nitrites) concentrations 
and one of its discharges (ENFERSA-ASUR, see Figure 17) had the highest concentrations in 
Cu and Fe. This study found that water values of Cd and Hg were higher than other european 
ports (CEDEX, 1983). 
The European Directive 91/271/EEC of 21 May 1991 concerning urban waste water 
treatment, initiated environmental awareness and regulation in all European water bodies, 
and environmental quality in Cartagena harbour started to improve to current conditions in 
2001, when “Cabezo Beaza” sewage treatment plant started to operate. Since then, sewage 
discharge to the centre of the harbour has been substantially abated. 
However, Cartagena harbour still bears evidence of its industrial history. Contaminants are 
still found in seafloor sediments. Sediment Action Levels 2, used to characterise dredge 
material in Spain (see Table 5) are exceeded for Hg, Cd, Pb, Cu, Zn in Cartagena basin 
(Casado-Martínez et al., 2006; HMA, 2002), and Action Levels 1 are exceeded for As, Hg, Pb 
and Zn in Escombreras basin (Alatec, 1997). 
Marine environment of Cartagena harbour has been sporadically evaluated, although a 
annual monitoring network is not developed yet. Cartagena Port Authority contracts 
environmental companies to study water quality of some selected points when a polluted 
discharge is detected, or to redact Evaluation Impact Assessment studies of new port 
development (docks, new industries, etc.). In 2004, Cartagena Port Authority have already 
implemented environment management systems in certain services too. 
Furthermore, Cartagena Port Authority decided to move all the potentially contaminant 
activities (industries, oil refineries, gas production, waste treatment and commercial activities) 
to Escombreras basin, and transfer part of the Cartagena basin to Cartagena city for leisure 
activities and construction of new marinas (Morales, 2004). On the other hand, Autonomous 
Regional Government of Murcia has a coastal water monitoring network since 1994, with 
some sampling stations inside and outside Cartagena harbour (CMAOT, 2003). 
There are very few public studies that describe biological communities inside Cartagena 
harbour or in the immediate environment: one study realized by University of Murcia in 
Escombreras basin and Tiñoso cape in 1994 (Salas et al., 2006), one fitoplancton study 
(CEDEX, 1983), and some impact assessment studies that only described marine 
communities with no exhaustive taxonomic benthic studies (Alatec, 1997; HMA, 2002). 
Therefore, at present there is no research addressing the structure of macrobenthic 
communities, especially polychaete assemblages, in relation to environmental conditions in 
Cartagena port. 
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4.2.  CLIMATOLOGY 
Murcia is one of the warmest and dry areas in Europe, and has a semiarid Mediterranean 
climate with high summer temperatures. Annual rainfalls are less than 300 mm, and they are 
usually torrential (in a short period of time). Mean annual temperature is 18ºC, with high 
temperatures in July and August, and low in January (CEDEX, 2005a). 
Table 11. Temperatures of the last 25 years (Cartagena Port Authority records, 2006) 
Maximum temperature 38 ºC 
Minimum temperature -1 ºC 
Mean temperature of the warmer month 25 ºC 
Mean temperature of the colder month 11 ºC 
Mean annual temperature 18 ºC 
Dominant winds in this area are the following (CEDEX, 2005a): 
 North-westerly and westerly winds which are always dry ,with low temperatures in 
winter and high in summer. 
 South-easterly and easterly winds in summer which are more damp. 
 South-westerly winds (called “Lebeche”) are one of the most characteristic in Cartagena 
coast, damp in winter and dry in summer. 
Table 12 shows meteorological information on sampling periods of this study: 
Table 12. Meteorological information on sampling periods (López-Samaniego, 2007) 
Survey Date Air temperature (ºC) Wind velocity (km/h) Wind direction Height wave (m) 
Precipitations 
(mm) 
09/12/03 13,0 17,2 E-99º 0,44 0,10 
10/12/03 12,5 22,2 ESE-121º 0,04 0,18 1º 
11/12/03 13,6 13,5 SW-236º 0,12 0 
17/02/04 12,1 13,9 ENE-73º 0 0 
18/02/04 10,7 9,1 ESE-104º 0,03 0 
19/02/04 11,2 18,5 E-98º 0 0 
2º 
20/02/04 12,9 17,3 ENE-77º 0,02 0,01 
22/06/04 23,0 7,94 SSE-151º 0,1 0 
23/06/04 23,7 8,53 SSW-202º 0,52 0 
24/06/04 25,5 6,48 S-170º 0,09 0,01 
3º 
25/06/04 24,5 16,0 NE-49º 0,01 0 
26/10/04 19,7 11,8 WSW-248º 0,26 0 
4º 
28/10/04 20,7 32,0 SW-224º 1,91 0 
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4.3. HYDRODYNAMIC CHARACTERISTICS 
The tidal rise and fall in Murcia coast is about 0,6 m, and the ocean currents in Cartagena 
harbour are due to the morphology of the bay and the predominant seasonal winds of the 
area (Calvín, 2003). 
The current is low inside Cartagena basin without any defined direction because its 
breakwater protected it from the actions of winds and waves. On the contrary, at Cartagena 
basin entrance, the maximum velocity current is 50 cm/s with south direction (CEDEX, 1983). 
The maximum velocity current at the entrance of Escombreras basin is 25 cm/s, and its 
direction is parallel to the breakwater. Between “Punta de los Aguilones” and Escombreras 
island there are high bottom currents directed to south. Nevertheless, the currents will 
probably change after the new Escombreras docks are finished (CEDEX, 2005a). 
Easterly winds (called “Levante”) cause currents of aproximately 50 cm/s with north direction 
(continuum blue arrow in Figure 18). When easterly winds drop, the current direction change 
outside the bay with velocities of 25 cm/s at 25 meters of depth (not continuum blue arrow in 
Figure 18). South-westerly winds (“Lebeche”) cause the currents head to the south open sea, 
increasing their intensity with depth (CEDEX, 1983). 
 
 
Figure 18. Predominant water currents in Cartagena harbour 
4.4.  COASTAL GEOMORPHOLOGY AND GEOLOGY 
The Cartagena-La Unión Mountains (“Sierra de Cartagena-La Unión”) are located at the east 
of Cartagena harbour (Figure 19). The minerals of these mountains have been exploited for 
more than 3000 years by old civilizations who extracted mainly gold, silver, lead, zinc, iron 
and copper (Robles, 2007). 
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During the XIX century, there was resurgence in the mining industry, and Cartagena-La Unión 
was the most lead-producing area in the world. Therefore, the landscape of these mountains 
has been altered with the presence of mining waste accumulations. Furthemore, Portman Bay 
(east of Cartagena harbour) was filled up by approximately 50 million tons of mine tailings 
which included several toxic heavy metals (Marín-Guirao et al., 2005; Robles, 2007). Thus, 
Cartagena harbour has been affected by these mining activities too, as some these industries 
was located at its basins. 
 
Figure 19. Cartagena-La Unión Mountains location (Robles, 2007) 
Murcia littoral region has a great richness of geomorphological formations. At our study area 
there are high sea cliffs in the outer of the harbour (Figure 20) (Calvín, 2003) The inner 
harbour geomorphology was drastically changed through the development of it, and was 
extensively armoured with man-made structures. 
 
Figure 20. Sea cliffs view near Portús beach (“Playa del Portús”) at the west of Cartagena harbour 
4.5. SEAFLOOR HABITATS AND BIOLOGICAL COMMUNITIES 
Continental shelf varies between 2,5 and 10 km in the study area, and continental slope begin 
between 100 and 200 m depth. There are submerged cliffs and 50 m depth is very near to the 
coastline so there is not present a sedimentation platform near the coast. From 50 m to 100 m 
depth (6 km from the coast) there is a sedimentation plain where sands and detritic materials 
originated from emerged areas are deposited (Calvín, 2003). 
Chapter 4. Study Area 
 
34 
The highest abundance of marine life is found between litoral and 50 m depth, and this area 
may be more affected by antrophogenic impacts (see above). Inside Cartagena harbour 
basins, antrophogenic activities have stopped the development of stable benthic communities, 
and they are highly degradated (Calvín, 2003). 
In the bay where Cartagena harbour is located, from Cape Tiñoso to “Punta de Aguilones”; 
there are three types of biological communities related to depth (CEDEX, 2005b): 
A. Shallow community, from intertidal to 15 m depth, rocky bottoms not influenced by port 
activities, which is constituted by species associated with high environmental quality 
values: infralittoral photofilic algae, fine sands communities, and Caulerpa prolifera 
community which have substituted Posidonia oceanica meadows inside “Algameca 
Grande” near to “Algameca Chica” at the outer harbour which is considered as a 
vulnerable area (Figures 21 and 22). 
B. Intermediate-depth communities, between 15 m and 35 m depth. These communities 
are the most vulnerable in the area as they are near to the coastline: Posidonia oceanica 
and detritic bottoms communities. The disappearance of Posidonia oceanica communities 
and associated fauna and flora, is a sign of environmental quality loss. 
C. Deep communities, from 35 to 50 m depth constituted mainly by rocky bottoms. 
According to their ecological value, there are four zones in the bay studied (CEDEX, 2005b): 
A. Cape Tiñoso area constitute by stable communities with high diversity of species and is 
classified as very high ecological value zone. This is a protected area due to the presence 
of high quantities of young fishes and the breeding of commercial species (octopus, red 
mullet) (Figure 22). 
B. Palomas Islands and Portús Beach area: this area present less diversity of species. 
There are low polluted areas (outer port anchorages, fishing and tourist activities, maritime 
transport), and loss of Posidonia oceanica communities. However, it is classified as high 
ecological value area (Figura 22) 
C. Cartagena harbour area: very low diverse communities with abundance of polychaete 
inside the two basins and more diverse communities outer. Mud bottoms with low oxygen 
and water with high turbidity inner the harbour. Absence of Posidonia oceanica community. 
Low ecological value (Figure 21). 
D. Escombreras island to Cape Agua area: communities with low diversity and some 
species typical of non-polluted zones. This zone is classified as medium ecological value. 
However, these communities have been altered due to the new jetties works inside 
Escombreras basin (Figure 21). 
 









Infralitoral photofilic algae community













Figure 21. Cartagena harbour and surrounding area: habitat and ecological value (Calvín, 2003) 










Infralitoral photofilic algae community













Figure 22. Cartagena harbour and surrounding area: habitat and ecological value (Calvín, 2003) 
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CHAPTER 5. MATERIAL AND METHODS 
The water body of the Port of Cartagena belongs to the category of heavily modified water 
bodies according to the WFD. The methodology of this doctoral thesis conducted during 2003 
and 2004 as part of the project entitled “Sistema Integrado de Seguimiento de la Calidad del 
Agua con Aplicación al Sector Marítimo Portuario”, was developed according to this category. 
The methodology employed in this work, comprises of the following stages, which are outlined 
below: 
1) Definition of the study area and review of previous studies including the defined area. 
Port of Cartagena was selected as our study area due to the diversity of activities 
currently develope in it (marinas, fishing and industrial port) and also due to its historical 
activities (mining activities). Previous information, environmental impact studies and 
maps of the study area were reviewed in order to select the most suitable elements 
according to the WFD (Annexe V, WFD). The elements chosen for the purpose of this 
study were as follows: 
1. Biological elements 
 Composition and abundance of benthic invertebrate fauna 
2. Hydromorphological elements supporting the biological elements 
 Morphological conditions: depth variation 
 Tidal regime:direction of dominant currents 
3. Chemical and physico-chemical elements supporting the biological elements: 
 Water: 
o General: Transparency, termal conditions, oxygenation conditions, 
salinity, nutrient conditions 
o Specific pollutants: heavy metals and total hydrocarbons 
 Sediments: Heavy metals and PAHs 
2) Design of monitoring network 
The monitoring network was designed based on a grid map in which one sampling point 
was selected in every square of this map, and these points were included in our GPS 
system for its precise location. The following aspects were considered in the selection 
of the sampling stations: 
 Areas were port facilities are developed: leisure, fishing, industrial, etc. 
 Location of sampling stations near to dumping or drain pipes, berth, fuel supply 
areas, dredging and new port construction areas. 
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3) Sampling design 
Samples were collected seasonally (D: December 2003, F: February 2004, J: June 
2004, O: October 2004): 15 sampling station in December, 20 in February and June 
and 9 in October. A total of 264 water samples at different depths (20, 10, 5 and 1 m), 
and a total of 81 sediment samples were taken. One replicate of macrobenthos was 
sampled in December, February and June, and three replicates in October (81 benthic 
samples in total). The depths of stations were between 6 and 51 m. Benthos sampling 
stations corresponded with the water and sediment quality stations established by 
López-Samaniego (2007) (Table 13 and Figure 23). 
Table 13. Summary table containing locations of stations, depths and sediments types encountered in 
Cartagena harbour sampling stations. * Dredging area for construction works of new docks in Escombreras basin. 
 Location (UTM) Station Sampling month Depth (m) Sediment type 
678043.16 4162484.62 1 D, F, J, O 13 Mud 
678407.87 4162646.7 2 D, F, J, O 13 Mud 














678866.62 412996.04 SR F 6 Rubbish 
with mud 
679883.06 4160242.28 8 D, F, J 21 Mud 
















680046.45 4159506.18 11 D, F, J, O 15 Mud 
678521.85 4161908.92 7 D, F, J 14 Sand 
678057.73 4161806.63 6 D, F, J, O 17 Sand 
678090.3 4161437.51 14 D, F, J 22 Sand 
678267.57 4161194.18 15 D, F, J 22 Sand 
679322.77 4160045.54 12 D, F, J, O 29 Sand and 
mud * 
677136.52 4161293.21 10 F, J 29 Sand 
678875.93 4160411.66 17 D, F, J, O 30 Sand 
677592.26 4160970.07 22 D, F, J 32 Sand 
678060.7 4160542.41 23 F, J 34 Sand 
678960.43 4159790.57 25 F, J 35 Sand * 
676034.05 4161208.4 19 F, J 39 Sand 
678409.99 4160067.76 24 F, J 42 Sand 














677527.21 4160222.49 REF J 51 Sand 




 SR (“Salida Rambla”) station was taken only in February when an accidental discharge of 
sewage water occurred at this locality. The bottom was covered with rubbish and low 
content of sediment. 
 REF station (“Water reference station”) was taken only in June. 
 Fewer stations were sampled in October due to the bad sea conditions during the survey. 
 
Figure 23. Cartagena harbour sampling stations location 
5.1. SAMPLING AND SAMPLE TREATMENT 
Sampling was carried out using the “Isla de Escombreras” vessel of Cartagena Autority Port, 
which was equiped with Global Positioning System (GPS) and echo sounding. Four field 
surveys were conducted in Cartagena harbour between December 2003 and October 2004 
(9-11th December; 17-20th February, 22-25th June and 26-28th October): 
1) Water sampling: 
Water were sampled using a Niskin bottle at different depths depending on the bottom 
depth (1, 5, 10, 20 y 40 m) (Figure 24). The samples were filtered, stabilized with nitric 
acid, and conserved at 4ºC in an ice-box until their arrival to the laboratory. 
Temperature, electrical conductivity (EC), turbidity, pH, chlorophyll A and dissolved 
oxygen were measured using a multiparametric probe (Idromar) (Figure 25). 




Figure 24. Niskin Bottle 
 
Figure 25. Multiparametric Probe 
2) Sediment sampling 
Sediments were sampled using a 0,025 m2 Van Veen grab (Figure 26). Two samples 
were taken at each station: one for analysis of heavy metals, PAH´s, CN ratio in 
sediment, and other for macrobenthos analysis. 
Biological samples were sieved and gently washed on board through a 1 mm mesh. 
The retained material was preserved in 10% buffered formalin and stored on plastic 
containers for subsequent laboratory analysis (Figure 27). Following the collection of 
the macrobenthic samples, sediment was sampled for chemical analyses (1 g), and 
stored in plastic bags at 4ºC in an ice box on board. Sediments were only sampled in 
February (not at station SR “Salida Rambla”), June (not at station 12) and October (not 
at station 3) surveys. 
 
Figure 26. Van Veen Grab 
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5.2. LABORATORY ANALYSIS 
5.2.1. WATER ANALYSIS 
Temperature, EC, salinity, turbidity, pH, chlorophyll A and dissolved oxygen data were 
collected using a multiparametric probe. A portable UV-Vis spectrophotometer (HACH DRL 
2000) were used to determine nutrients (ammonium, nitrates, nitrites and phosphates) in the 
water. These parameters were measured the same day of sampling as they change quickly 
over a short period of time. 
On return to the laboratory a series of more stable parameters (heavy metals: Zn, Cd, Pb, Cu, 
Fe and Hg) in water were measured at dependencies of the Department of Geology and 
Geochemistry in the Universidad Autónoma de Madrid. Total hydrocarbons in superficial 
water were determined at the Servicio Interdepartamental de Investigación (SiDi) laboratory of 
the Universidad Autónoma de Madrid. Further information on water and sediment collection 
and analyses are described in detail in Lopéz-Samaniego (2007). A summary of all the 
equipment used to conduct the analyses is listed in Table 14: 
Table 14. Summary table showing types of samples, measured parameters and used equipment 
during the monitoring surveys 
 Parameters Equipment Number of 
samples 
pH, conductivity, Tª, salinity, 
turbidity, dissolved oxygen, 
chorophyll A 
Multiparametric probe 
Nutrients UV-V Spectrometer 
Heavy metals 
Polarography (Metrohm 757 VA) and 
Atomic Absorption Spectrometer (AA-
AMAS 254) 
WATER 
Total hydrocarbons Gas Chromatography with Flame Ionization Detector (FID) 
264 
C/N ratio Elemental analyser 
Heavy metals 
Inductively coupled plasma mass 
spectrometry (ICP-MS) and Atomic 
Absorption Spectrometer (AA-AMAS 254) SEDIMENTS 
PAH´s Gas chromatography-mass spectrometry (GC-MS) 
81 
MACROBENTHOS Macrobentos groups (> 1mm) 
and Polychaete species 
Binocular stereo-microscope and optical 
microscope 81 
5.2.2. SEDIMENT ANALYSIS 
 C:N ratio 
Carbon and nitrogen ratios (C:N) were determined using an elemental analyser in the 
research center “Centro de Investigaciones Energéticas, Medioambientales y 
Tecnológicas” (CIEMAT) (Table 14). 
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 Heavy metals and PAHs 
Before the analysis, samples were dried and sieved through a 63 µm-mesh sieve. 
Heavy metals (i.e. Ba, Co, Cr, Cu, Ni, Zn, Zr, Li) were determined in CIEMAT 
laboratories using inductively coupled plasma mass spectrometry (ICP-MS). Mercury 
(December samples only) were measured using an atomic absorption spectrometer 
AMA-254 in CIEMAT laboratories (see Table 14 for details). Resulting concentrations 
are expresed on a dry weight basis. 
The Pollution Load Index (PLI) proposed by Tomlinson et al (1980) deals to heavy metal 
concentrations. This index has been used in order to compare the pollution status of 
different stations. The PLI is expressed as a Concentration Factors (CF) which was 
calculated by dividing the concentration of each metals with the background value of 
each metal. The PLI was calculated by obtaining the n-root from the n-CFs from all the 
metals. This index ranges from 0 (unpolluted) to 10 (highly polluted) (Praveena et al., 
2007). The heavy metal background values of Cartagena harbour were reported in 
Lopéz-Samaniego (2007). 
CF = Cmetal/Cbackground value 
PLI = (CF1 x CF2 x CF3 x.....CFn)1/n 
n = number of metals 
Polycyclic aromatic hydrocarbons (PAH´s) were determined by gas chromatography-
mass spectrometry (GC-MS) at Servicio Interdepartamental de Investigación (SIDI) 
laboratories of the Universidad Autónoma de Madrid. 
5.2.3. SORTING AND IDENTIFICATION OF MACROBENTHOS AND POLYCHAETES 
The biological samples were washed through a 1mm-mesh sieve to eliminate formalin. The 
organisms were sorted and counted into major constituent taxa (Polychaeta, Mollusca, 
Crustacea, etc) in the laboratory of marine biology at the Department of Biology (Zoology) in 
the Universidad Autónoma de Madrid. Polychaetes were identified whenever possible to the 
species level under a binocular stereo-microscope and optical microscope, and preserved in 
70% ethanol. For soft-bodied animals, only the anterior fragments were recorded to avoid 
double counting of individuals. For better observation of polychaete soft structures, (e.g. 
branchiae, palps, etc) methylene blue staining was used, especially in the identification of the 
families Cirratulidae, Spionidae and Capitellidae. 
Polychaete species were identified according to the most recent available taxonomic 
publications, and the higher classification (orden, class and families) follows Viéitez (2004). In 
addition, the bibliographic reference of each species was included in the species checklist 
(see Chapter 6), since the original description was not used for the identification in some 
occasions. 
Chapter 5. Material and Methods 
 
43 
The following reviews have been used in the identification of polychaete genera and families 
(Table 15): 
Table 15. Polychaete genera and family reviews used for identification 
Port Cartagena Families Used revisions for family and genera 
Ampharetidae (Holthe, 1986) 
Apistobranchidae (Blake, 1996a) 
Capitellidae (Amaral, 1980; Blake, 2000a; Warren, 1991; Warren et al., 1994) 
Cirratulidae (Blake, 1996b) 
Chrysopetalidae (San Martín, 2004a) 
Cossuridae (Laubier, 1963) 
Chaetopteridae (Gitay, 1969) 
Dorvilleidae (George & Hartmann-Schröder, 1985; Jumars, 1974) 
Eunicidae (Fauchald, 1992; George & Hartmann-Schröder, 1985) 
Flabelligeridae (Blake, 2000b) 
Glyceridae (O´Connor, 1987; Parra et al., 1995) 
Goniadidae (Böggemann, 2005) 
Hesionidae (Parapar et al., 2004a) 
Lumbrineridae (Carrera-Parra, 2006a, b; Ramos, 1976) 
Magelonidae (Fiege et al., 2000) 
Maldanidae (Fauvel, 1927) 
Nephtyidae (Laborda, 2004) 
Nereididae (Núñez, 2004) 
Oenonidae (George & Hartmann-Schröder, 1985) 
Onuphidae (George & Hartmann-Schröder, 1985; Paxton, 1986) 
Opheliidae (Fauvel, 1927) 
Orbiniidae (Blake, 1996c) 
Oweniidae (Martin, 1989) 
Paralacydonidae (San Martín, 2004b) 
Paraonidae (Blake, 1996d; Campoy, 1981; Laubier & Ramos, 1973; Strelzov, 
1979) 
Pectinariidae (Holthe, 1986; Hutchings & Peart, 2002) 
Phyllodocidae (Alós, 2004; Pleijel, 1993) 
Pilargidae (Parapar et al., 2004b) 
Poecilochaetidae (Fauvel, 1927; Pilato & Cantone, 1976) 
Polynoidae (Barnich & Fiege, 2000) 
Sabellariidae (Kirtley, 1994) 
Sabellidae (Fitzhugh, 1989, 1990; Knight-Jones, 1983; Knight-Jones & Perkins, 
1998; Perkins, 1984; Tovar-Hernández et al., 2007) 
Serpulidae (Bianchi, 1981) 
Sigalionidae (Barnich & Fiege, 2000) 
Spionidae (Blake, 1991, 1996e; Blake & Kudenov, 1978; Maciolek, 1985, 1987; 
Meißner, 2005) 
Sternaspidae (Petersen, 2000) 
Syllidae (San Martín, 2003) 
Terebellidae (Holthe, 1986) 
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5.3. DATA ANALYSIS 
5.3.1. GENERAL CHARACTERIZATION OF POLYCHAETES 
On the basis of the quantitative composition of the polychaete fauna the following attributes 
and parameters were determined: 
a) Density (ind·m-2) per station 
This parameter was calculated on the measure of abundance measure considering all the 
number of replicates (1 in December, February and June, and 3 in October) collected 
during each sampling period. 
b) Dominance of species 
Dominance of polychaete species was calculated employing the formula below: 
Di= (ni/N) x 100 
The parameter Di is the mean dominance index for species i; ni, the number of individuals 
belonging to species i; N, the total number of individuals belonging to all the species 
(Soyer, 1970). Dominance index values up to 1% are considered as dominant species. 
c) Frequency Index (F) of polychaete species 
SOYER’s (1970) Frequency Index (F) of polychaete species was used to determine the 
frequencies of species in the study area. The results were evaluated as constant 
(F≥50%), common (50%>F≥25%) and rare (F<25%) (Soyer, 1970). 
F=(m/M) x 100 
m represents the number of sampling stations in which species are found and M is the 
total number of sampling stations. 
d) Habitat, depth range and biogeographical distribution of polychaete species 
Data provided by the literature for the habitat, depth ranges and distribution of polychaete 
species found in Cartagena harbour were summarized in a table included in the Appendix 
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The polychaete species determined in Cartagena harbour were classified according to 
biogeographical groups based on the criteria proposed by Tena (1996); Arvanitidis et al 
(2002), and Torres Gavilá (2007): 
A. Cosmopolitan species: Species that are distributed at all oceans and adjacent 
seas without any apparent restrictions. The existence of truly cosmopolitan species 
has not really been demonstrated in some cases. However, this problem is not 
restricted to the polychaetes only, but is also frequently present in other taxa. 
B. Cosmopolitan in warm and warm-temperate waters species: species which are 
not distributed in cold waters and in Artic and Antarctic Seas. 
C. Circumglobal species: species which are distributed in all seas and oceans, 
including cold waters, with the exception of Artic and Antarctic Seas. 
D. Amphi-Atlantic species: species distributed in the Mediterranean and both sides 
of the Atlantic Ocean. 
E. Atlanto-Mediterranean species: species which are distributed in the 
Mediterranean and the eastern Atlantic. 
F. Mediterranean endemic species: species distributed only in the Mediterranean 
and the Black Sea. 
G. Not classified species: species with discontinuos distributions, having been 
reported from two or more locations apart from each other. 
e) Feeding guilds and trophic groups 
Fauchald and Jumars (1979) defined “feeding guilds” as a criteria based on food, feeding 
habitats and locomotory patterns. This criteria has been used as an assessment to 
analyse polychaete trophic structure in Cartagena port (Fauchald & Jumars, 1979). The 
resulting polychaete species were grouped in feeding guilds using the polychaete 
published literature on gut-content (Gaston, 1987; Giangrande et al., 2000), feeding traits 
(Dorgan et al., 2006; Fauchald & Jumars, 1979) and ecology of trophic groupsl (Gambi & 
Giangrande, 1985b; Martin et al., 2000; Pagliosa, 2005; Torres Gavilá, 2007). 
Additionally, information on general feeding behaviour on family level was also included in 
this work as result of lacking information for some species. 
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The feeding guilds considered in this study are summarised in twenty four groups in table 
16 (Fauchald & Jumars, 1979; Gambi & Giangrande, 1985a; Torres Gavilá, 2007): 
Table 16. Feeding guilds categories employed in this study 
 Motile (M) Discretely motile (D) Sessile (S) 
Macrophagous mode 
Herbivores (H) 
Unarmed pharynx (X) HMX - - 
Jawed pharynx (J) HMJ HDJ - 
Carnivores (C) 
Unarmed pharynx (X) CMX - - 
Jawed pharynx (J) CMJ CDJ - 
Omnivores (O) O 
Microphagous modes 
Filter feeders (F) 
Tentaculates (T) - FDT FST 
Pumping (P) - FDP FSP 
Surface deposit feeders (S) 
Unarmed pharynx (X) SMX SDX - 
Jawed pharynx (J) SMJ SDJ - 
Tentaculates (T) SMT SDT SST 
Sub-surface deposit feeders or burrowers 
Unarmed pharynx (X) BMX BDX BSX 
Jawed pharynx (J) BMJ - - 
Tentaculates (T) BMT - - 
Mixed filter and 
deposit feeders M 
f) Classification of polychaeta species into ecological groups under AMBI and 
BENTHIX indices 
Every taxonomic group (i.e. Annelida, Mollusca, Crustacea) have to be identify to 
species level in order to apply biotic indices at each sampling station. As this was not 
the objective of this study, which only focus on identification of polychaete species and 
not on all the macrobenthic species, biotic indices can not be calculated to classify our 
stations into the ecological quality categories defined by some of these indices (e.g. 
AMBI index and BENTHIX index, see Appendix VI for a more detailed explanation on 
these indices). 
However, it is possible to classify polychaete species of Cartagena harbour into the 
ecological groups defined by these indices, and calculate the proportions of polychaete 
ecological groups. Polychaete species have been classified following the update 
checklist of species in the webpage, www.azti.es (update in 2006), for the AMBI 
ecological groups, and the checklist included in the BENTHIX index publication (Borja et 
al., 2000; Simboura & Zenetos, 2002). 
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Both indices are based on soft-bottom benthic indicator species: macrobenthic species 
are classificated into ecological groups according to their sensitivity in relation to an 
increasing environmental stress gradient. The resulting percentage abundances of the 
ecological groups defined are combined in a single formula resulting to a series of 
numeric values (Borja et al., 2000; Simboura & Zenetos, 2002). However, the 
calculation of these indices and the number of ecological groups (5 for AMBI and 3 for 
BENTHIX), are different in their methods. Table 17 shows a summary of the different 
ecological groups according to AMBI and BENTHIX, and the degrees of sensitivity or 
tolerance to disturbance factors for each group: 
Table 17. Types of ecological groups based on AMBI and BENTHIX indices 
Species AMBI BENTHIX 
Sensitive GI GI 
Indiferent GII GI 
Tolerant GIII GII 
Second order opportunistic GIV GII 
First order opportunistic GV GIII 
Results from our study show that approximately 9% of the polychaete taxa in Cartagena 
harbour have not been possible to be assigned to an ecological group for AMBI, 
whereas about 48% have not been assigned to BENTHIX´s ecological groups (see 
Table AVI.1 of Appendix VI). The main reason of these differences is that BENTHIX 
index only takes into account taxa to species level, and AMBI also includes taxa to 
genus and species level. 
g) Univariate Diversity Indices 
Magurran (2003) defined biological diversity as “the variety and abundance of species 
in a defined unit of study”, and can be partitioned into two components (Clarke & 
Warwich, 1994; Magurran, 2003): 
I. Species richness which is defined as the number of species in the unit of study. 
II. Evenness describes the variability in species abundances. For instance, a 
community in which all species have approximately equal numbers of individuals 
would be rated as extremely even. 
The following diversity measures (species richness and heterogeneity measures) were 
used in this work: 
 Species richness measure (S) 
Species richness is given as the total number of species, and is notoriously 
vulnerable to variation in sampling effort. 
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 Diversity indices 
a) Shannon index and Pielou´s evenness index 
The Shannon index is calculated from the equation (Clarke & Warwich, 1994): 
H´ = -Σpi (log pi) 
pi = proportion of the total count arising from the ith species. 
Logarithms to the base 2 and Ln are often used in the calcution. The fact that 
the Shannon index is so narrowly constrained in most circumstances can make 
interpretation difficult and with values of H´=2.35 and H´=2,47 may have a 
limiting idea whether the two sites in question have similar diversities of are 
subtantially different. Therefore, it have also been used eH´which is equivalent 
to Hill´s N1 diversity index as it has the useful function of spreading the values 
out (Magurran, 2003). 
Pielou´s evenness index was calculated as the ratio of observed diversity to 
maximum diversity (Magurran, 2003):  
J´ = H´observed/H´max 
where H´max is the maximum possible diversity which would be achieved if all 
species were equally abundant (= log S). 
b) Simpson´s index (D) and Simpson´s measure of evenness (E1/D) 
A diversity indices which is weighted by abundances of the commonest species 
and are usually referred to as dominance measures. One of the widely used is 
the Simpson index which is calculated as follows: 
D = Σ (ni (ni-1)/N(N-1)) 
where ni = the number of individuals in the ith species; and N = the total 
number of individuals. 
As D increases, diversity decreases. Simpson´s index is therefore usually 
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Although Simpson´s diversity measure emphasizes the dominance, as opposed 
to the richness, component of diversity, it is not strictly speaking a pure 
evenness measure. So a separate measure of evenness has been calculated 
by dividing the reciprocal form of the Simpson index by the number of species 
in the sample (Magurran, 2003): 
(E1/D) = (1/D)/S 
The measures ranges from 0 to 1 and is not sensitive to species richness. 
5.3.2. MULTIVARIATE STATISTICAL TECHNIQUES 
Multivariate techniques are the most powerful approach to describe macrobenthic 
communities, and a variety of them can be used to describe and compare macrobenthic 
communities. As no single method will address all aspects of community structure, several 
authors recommended to use a combination of methods (Clarke & Warwich, 1994; Ellis et al., 
2000) 
a) Environmental variables 
Pearson correlation was employed for studing the relationship between environmental 
variables using SPSS statistical programm. Prior to analysis, some environmental 
variables (heavy metal concentration in water and sediment) were log transformed 
(ln(x+1)). 
b) Biological data 
The following statistical analyses of the biological data were employed in order to study 
the polychaete assemblages: 
I. Cluster and non-metric multidimensional scaling (MDS) 
Spatial patterns in the distribution of polychaete assemblages were determined through 
non-parametric multivariate techniques, cluster and nMDS analyses, using the 
Plymouth Routines in Multivariate Research (PRIMER) v 5.2.9 software package. 
The cluster and nMDS analyses were performed on a previously reduced set of species 
in order to limit the noise caused by the very rare species (with only one specimen). 
Elimination of the uncommon species would not affect the multivariate analysis results. 
However, only species with at least some minimal number of occurrences were 
included in order to avoid a misclassification of species due to sampling error. This left a 
dataset of 102 species (131 species in total counting rare species) and 13 
indeterminate polychaeta families. 
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Species abundance tends to be positively skewed, with occasional high outliers, and 
high probabilities for the lower values (0 in particular) (Graffelman, 2000). Therefore, 
prior to the analysis, the raw biological data expressed as number of individuals in each 
sample were transformed using the fourth root transformation to downweight the 
contribution to similarity of the most abundant species (Clarke & Warwich, 1994), to 
reduce the positive skew and to symmetrize the distributions (Graffelman, 2000). 
Matrices of similarities between all pairs of samples were computed using the Bray 
Curtis coefficient for fourth squareroot transformed species abundance data. 
Cluster analysis of the species Bray Curtis similarity matrix were performed using group 
average sorting and the results were displayed in a dendrogram. This analysis was 
used to define polychaeta species assemblages groups as it aims to find “natural 
groupings” of samples. In a cluster analysis, samples within a group are usually more 
similar to each other than samples in different groups (Clarke & Warwich, 1994). 
Following cluster analyses, ordination analyses were carried out by means of an MDS 
(‘non-metric multidimensional scaling’) based on the Bray Curtis similarity matrix of 
species abundance data The purpose of MDS is to construct a “map” of the samples in 
a specified number of dimensions, which attempts to satisfy all the conditions imposed 
by the rank similarity matrix. However, there will be some distortion or stress between 
the similarity rankings and the corresponding distance rankings in the ordination plot. 
Therefore, it should be choosen a configuration of points which minimises this degree of 
stress, not more than 0.2 (Clarke & Warwich, 1994). 
II. SIMPER analysis 
The exploratory data analysis SIMPER (PRIMER v 5.2.9) was performed to identify the 
percentage contribution of each species to the overall similarity within each identified 
group of cluster and ordination analyses. This analysis determines the contribution of 
each species to mean within site Bray–Curtis similarity (Si) (or disimilarity in other 
cases), and calculates the standard deviation of this mean (SD(Si)). The ratio of the 
mean to its standard deviation (Si/SD(Si)) is used to assess whether or not the species 
is characterising for the site. Such measures identified the most important components 
of the assemblages, either because they characterized a site or because they 
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III. Correspondence Analysis (CA) 
A correspondence analysis was performed on the matrix between the dominant species 
and the stations to show a hypothetical relationship between the distribution of species 
and sampling stations using R program version 2.7.2 (www.r-project.org) (Greenacre, 
2008). 
c) Relationship between environmental variables and biological data of polychaete 
Investigations into the environmental factors having a potential influence on the 
polychaete distributions was carried out by means of the BIOENV routine of PRIMER 
(Clarke & Warwich, 1994), and canonical correspondence analysis (CCA) using the R 
program (Greenacre, 2008). 
A suite of sampling stations were not included in BIOENV and CCA analyses. This was 
mainly due to that the concentration of heavy metals in sediment were not recorded in 
some of the stations: all stations of December, station SR in February, station 12 in June 
and the three replicates of station 3 in October. Therefore the sampling stations were 
reduced from 81 to 66. 
I. BIOENV 
The relationships between patterns in multivariate community structure and 
environmental variables in each survey were examined using the BIO-ENV procedure 
(Plymouth Routines in Multivariate Research (PRIMER) v 5.2.9 software package). This 
calculates rank correlations between a similarity matrix derived from biotic data and 
matrices derived from various subsets of environmental variables. The objective of this 
procedure is to find which combinations of environmental variables provide the best 
correlations between matrices of habitat data and biotic data. The degree of correlation 
between matrices is indicated by a weighted coefficient ρW that is analogous to the 
Spearman rank (Clarke & Warwich, 1994). 
Water physico-chemical data and sediment data taken at the same time as biological 
samples were available. However, some of these may be not key environmental 
variables responsible for structuring polychaeta assemblages. Therefore, from a total of 
28 measured environmental variables, 20 were selected to carry out this analysis: 
depth, bottom water parameters (temperature, oxygen dissolved, amonium, nitrates, 
phosphates, Cd, Cu, Fe, Pb and Zn) and sediments parameters (C:N ratio, Ba, Co, Cr, 
Cu, Ni, Zn, Zr and Li). All variables (except depth and CN ratio) were log transformed 
(ln(X+1)) to reduce skewness in the data. 
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II. Canonical Correspondence Analysis (CCA) 
By contrast to BIOENV procedure, Canonical Correspondence Analysis (CCA) relates 
the species data to ordination axes derived from linear combinations of the 
environmental variables. CCA was performed using the package VEGAN of R program 
version 2.7.2 (www.r-project.org) (Greenacre, 2008). All environmental variable values 
were previously transformed by log (x+1), and then normalised to avoid differences due 
to the different units of measurement. The following environmental variables were 
considered in this analysis: depth, CN ratio and PLI (Pollution Load Index). 
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CHAPTER 6. RESULTS 
6.1. ENVIRONMENTAL VARIABLES 
6.1.1. BOTTOM WATER QUALITY 
Since polychaete assemblages may be influenced by the overlaying water, only the bottom 
water data were considered. 
a) Temperature, Salinity and pH 
Annual average water column temperature was 19,1±3,8ºC. The highest temperature was 
recorded in June (24,2ºC), and the lowest was measured in February (14,1ºC). Water column 
salinity and pH did not vary so much though the sampling periods, with surface values of 
37,8±0,8 mg/l and 8,3±0,07, respectively. Annual mean water temperature at the bottom was 



























































Figure 28. Water column temperature in Cartagena harbour 
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The temperature of water column in Cartagena harbour was practically homogenous in winter 
(December and February). Figure 28 illustrates a clear thermocline in summer (June) that last 
until October. These marked seasonal differences between winter and summer characterise 
the waters of this area. The thermocline duration depends on climatologic conditions of 
autumn season, and on some occasions, it can be present until the end of November (Calvín, 
2003). 
b) Dissolved oxygen (DO) 
The DO level is controlled by the mixing at the air/water interface, temperature, salinity, level 
of photosynthesis, and decomposition of organic matter. Generally, DO levels of more than 4 
mg/l indicate an adequate supply of oxygen to support marine species growth and activity. In 
contrast, values between 1-3 mg/l indicate hypoxic conditions that may affect the marine life, 
and DO below 1 mg/l indicates anoxia (EPA, 2002). 
Figure 29 shows that DO concentrations were between 6 mg/l and 11 mg/l at the bottom, 
except two stations: 3 and REF in June (14,2 and 13,4 mg/l respectively). Mean DO was 





























Figure 29. Dissolved oxygen in water at the bottom in Cartagena harbour 
(all values are >0, bars absent at not taken samples) 
The lowest DO level was found at station 4 in October (6,3 mg/l), and the highest was 
measured at station 3 in June (14,2 mg/l). Generally, levels of DO were lower in October and 
higher in February (Figure 29). 
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c) Nutrients and chlorophyll A 
Nutrients—especially nitrogen and phosphorus—are key water quality parameters in 
seawater since they have significant direct or indirect impacts on phytoplankton growth, 
oxygen concentrations, water transparency and sedimentation rates. Primary nitrogen species 
of interest in the marine environment include nitrate (NO3), nitrite (NO2), and ammonium 
(NH4). Unlike DO, there are no set criteria for nutrient levels because nutrients themselves are 
not a threat to marine life, although they can contribute to water quality problems as, for 
instance, eutrophication (EPA, 2002). 
The amount of chlorophyll A in the water column is indicative of the biomass of phytoplankton, 
which in turn can indicate nutrient levels in the water column. Excessive nutrients and 
phytoplankton growth (chlorophyll A) can also decrease DO levels and increase turbidity 
(EPA, 2002). 
Table 18. Annual and seasonal mean values of nutrients and chlorophyll A in water at the bottom in 
Cartagena harbour (TIN= Total Inorganic Nitrogen) 
 
Annual December February June October 
Ammonium 
(mg/l) 0,70±0,24 0,92±0,44 0,61±0,08 0,64±0,06 0,69±0,07 
Nitrate (mg/l) 0,99±0,47 1,04±0,75 0,81±0,28 1,09±0,34 1,08±0,52 
Nitrite (mg/l) 0,005±0,01 0,006±0,005 0,006±0,009 0,003±0,001 0,005±0,003 
TIN (mg/l) 1,69±0,60 1,97±1,08 1,43±0,28 1,74±0,34 1,78±0,49 
Phosphate 
(mg/l) 0,05±0,10 0,118±0,193 0,040±0,021 0,045±0,041 0,008±0,010 
Chlorophyll A 
(µg/l) 3,76±4,02 5,11±0,83 6,70±4,41 1,48±3,27 0,35±0,12 
The concentrations of dissolved nitrogen nutrients in all sampling periods are shown in Figure 
30. Nutrient concentrations at the bottom were generally low: 0,70±0,24 mg/l of ammonium; 
0,99±0,47 mg/l of nitrate; 0,005±0,01 mg/l of nitrite. Mean values of nutrients did not vary so 
much between surveys (Table 18). However, nitrate and nitrite concentrations varied more 
than ammonium among stations in each season (Figure 30). The maximum ammonium and 
nitrate levels occurred at station 15 in December (2,04 mg/l and 3,39 mg/l, respectively), 
whereas the maximum nitrite concentration was recorded at stations 7 and 19 in February 
(0,030 mg/l both). 
 












































































































































































Figure 30. Concentrations of nitrogen nutrients in water at the bottom in Cartagena harbour 
(Left axis represents NH4 and NO3 concentrations and right represents NO2 concentrations) 
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Figure 31. Total inorganic nitrogen (TIN) concentrations in water at the bottom in Cartagena 
harbour 
Total inorganic nitrogen concentrations (TIN, which is the sum of nitrate, nitrite, and 
ammonium forms) were calculated for each station and sampling period (Figure 31). TIN 
values were between 0,7-3 mg/l in all stations and seasons, except at station 15 in December 
(5,43 mg/l). 
There were clear seasonal differences in phosphate concentrations, and the mean 
concentration of phosphate slowly drops from December to October (Table 18). Furthermore, 
the highest phosphate concentrations were recorded at stations 9 and 3 in December (0,530 
and 0,550 mg/l, respectively) (Figure 32). Background level of phosphate in Cartagena 


























Figure 32. Phosphate concentrations in water at the bottom in Cartagena harbour 
Chlorophyll A levels at the bottom ranged from 0,01 to 16,42 µg/l, and the highest values were 
recorded in February. Like phosphate, there are seasonal differences in chlorophyll A: higher 
values in February and lower values in October. The highest chlorophyll A concentrations 
were recorded at stations 9, 10 and 11 in February (16,4, 15,8 and 14,7 µg/l, respectively) 
(Figure 33). 
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The highest chlorophyll A levels in the water column were also recorded in February, and the 
lowest in October (López-Samaniego, 2007) (Figure 34). 




























Figure 33. Chlorophyll A levels in water at the bottom in Cartagena harbour 
d) Heavy metals 
The highest annual mean dissolved heavy metal concentrations were recorded for iron, zinc 
and copper, and the lowest for lead and cadmium. Table 19 shows that there is not a clear 
temporal pattern of heavy metal values in water at the bottom. However, the lowest values 
were found in October. 
Table 19. Annual and seasonal mean values of dissolved heavy metals in water at the bottom in 
Cartagena harbour (µg/l) 
 
Annual December February June October 
Cadmium 1,65±3,07 3,82±5,46 1,52±2,61 0,86±0,27 0,53±0,45 
Copper 29,98±26,82 23,56±17,69 29,21±29,40 42,40±29,46 13,36±11,66 
Iron 65,05±67,57 50,00±25,17 91,90±70,21 69,80±84,64 16,56±16,26 
Lead 4,86±12,02 12,05±25,48 2,56±1,19 3,47±2,37 2,87±2,25 
Zinc 57,77±79,29 69,23±84,80 102,65±105,32 17,63±2,93 30,67±26,12 
The highest levels of copper, iron and zinc generally occurred in the inner harbour (Cartagena 
basin in December, and Escombreras basin in June). Nevertheless, high levels of these 
heavy metals were also recorded at some external stations. These stations were located near 
“Algameca Chica” (stations 3 and 22 in December, and stations 3 and 10 in June); nearby the 
constructions works of new jetties in Escombreras (stations 12, 17 and 25 in February) or 
stations near the mouth of the basins (station 6 in June and October) (Figure 35). 
 

















Figure 34. Mean values of chlorophyll A in the water column (López-Samaniego, 2007) 
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Figure 35. Dissolved heavy metals concentrations in water at the bottom in Cartagena harbour 
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e) Surface water Total Petroleum Hydrocarbons 
Total petroleum hydrocarbons were only measured at the surface water seasonally. 
Generally, total petroleum hydrocarbons levels were low. The highest concentrations were 
recorded in Cartagena basins (0,56 µg/l at station 2 in June, and 0,50 µg/l at station 4 in 
February), and the lowest at the most external stations (10, 19, 23, 24, 25 and REF) (Figure 
36). 

























Figure 36. Total petroleum hydrocarbons at the surface water in Cartagena harbour 
6.1.2. SEDIMENT QUALITY 
a) C:N ratio 
The C:N ratio can be used as a measure for the “quality” of the organic matter to the benthos, 
and depends upon the biological composition of the original organic material. The rates of 
organic matter decomposition and microbial growth have been found to be inversely 
correlated with age and C:N ratios of the substrate. Low C:N ratios indicate more labile 
organic matter (i.e. matter that is easily broken down by chemical and microbiological 
pathways). Therefore, low C:N ratios indicate faster degradation of organic matter since 
proteins (nitrogen) are easily biodegradated by microorganisms. In contrast, higher C:N may 
reflect a dominant input of degraded, soil-sediment (relatively refractory) organic matter to the 
sediment (Andrews et al., 1998; Rosenberg et al., 2001; Shin et al., 2008; Wijsman et al., 
1999). 
Thus, labile organic matter is potentially a major source of nutrients returned to the water 
column, and C:N ratios can also be useful indicators of the sources of organic matter in an 
estuary. Marine phytoplankton have a mean molar C:N ratio of 6,6:1. In contrast, terrestrial 
plants are relatively impoverished in N, with characteristic C:N ratios ranging up to or 
exceeding 1000. If marine sediments are dominated by terrestrial organic matter they should 
be characterized by high organic C:N ratios, whereas sediments in which the organic matter is 
dominated by marine plants should be relatively enriched in organic N (Ruttenberg & Goñi, 
1997). 
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Furthermore, larvae of some polychaete species, Capitella sp. I, would try to select the 
sediment rich in protein (i.e., in low C:N ratio) and lipid (e.g., unsaturated fatty acids) for 
optimizing post-settlement growth and reproduction, since better food quality could increase 
the fecundity and produce longer-lived larvae (Shin et al., 2008). 
C:N ratios were between 44 and 110 in Cartagena harbour, and the highest values were 
found within Escombreras basin and at some external stations (14, 15, 25) (Figure 37). These 
high C:N ratios inside Escombreras may be due to the high level of hydrocarbons in the 
sediment, as there were several accidental oil spills from the refineries and oil companies 
located near the harbour in the past (Cartagena Port Authority, pers. comm.), or due to the 


















Figure 37. C:N ratios in Cartagena harbour (all values are >0, bars absent at not taken samples) 
Since the total hydrocarbons (only PAHs was measured) and carbonates concentration in the 
sediments have not been measured, these possible explanations to high C:N ratios inside 
Escombreras can not be demonstrated. However, as it is shown in Table 20, average C:N 
ratio values of Escombreras (73,5) were more similar to oils effluents values than sewage 
effluents. On the other hand, mean C:N ratios in Escombreras were higher than Cartagena 
basin (58,3) where the possibility of oil accidental spills are lower. 
Table 20. Examples of C:N ratio values in some sediments and industrial effluents 
a
 (Ponce et al., 1999); b (Andrews et al., 1998) 
 
C:N ratio 
Bay of Cádiz (Spain) sedimentsa 22,95-66,68 
Hunts Bay Jamaica sedimentsb 5,42-16,41 
Sewageb 11,34-13,2 
Brewing wasteb 4,34-15,91 
Sugar processing wasteb 209,56-217,83 
Food processing wasteb 18,74-26,0 
Oilsb 75,51-93,37 
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b) Heavy metals in sediments 
Action Levels values (AL) from the Spanish recommendations for dredged material 
management (CEDEX, 2001), and Effects Range-Low (ERL) and Effects Range-Median 
(ERM) sediment quality guidelines values from Long et al. (1995), were used to help in 
interpreting the biological significance of observed heavy metal levels in sediments. 
Significance of AL was explained in Chapter 2. ERL values are lower-threshold bioeffect 
limits, below which adverse effects of the contaminants on sediment dwelling organisms are 
not expected to occur. In contrast, ERM values represent mid-range concentrations of 
chemicals above which adverse effects are more likely to occur (Long et al., 1995) (Table 21). 
Table 21. Action Level and ERL/ERM values for heavy metals in sediments 
CEDEX, 2001 (mg/kg, dry wt) Long et al 1995 (mg/kg, dry wt) Heavy metals 
AL1 AL2 ERL ERM 
Arsenic 80 200 8,2 70 
Barium - - - - 
Cadmium 1,0 5,0 1,2 9,6 
Cobalt - - - - 
Chromium 200 1000 81 370 
Copper 100 400 34 270 
Lead 120 600 46,7 218 
Lithium - - - - 
Mercury 0,6 3,0 0.15 0.71 
Nickel 100 400 20.9 51.6 
Zinc 500 3000 150 410 
Zirconium - - - - 
Table 22 shows the mean concentrations of heavy metals in sediments of Cartagena harbour. 
The Pollution Load Index (PLI) proposed by Tomlinson et al (1980), and that refers to heavy 
metal concentrations, has been used in order to compare the pollution status of different 
stations (see Chapter 5 for detailed explanation). Heavy metal concentrations and PLI value 
were roughly the same seasonally, and not significant differences were found. Annual mean 
values were higher than AL1 and ERL for copper, and higher than AL1 and ERM for zinc. The 
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Table 22. Annual and seasonal mean values of heavy metals in Cartagena harbour sediments (mg/kg) 
 
Annual February June October 
Barium 158,52±60,63 164,53±51,51 152,10±83,73 140,50±27,89 
Cobalt 13,49±5,83 15,08±4,01 12,32±8,07 10,95±2,83 
Chromium 51,96±23,75 51,90±24,00 44,75±22,44 63,62±29,34 
Copper 152,65±149,68 154,42±133,03 127,75±172,68 191,62±131,90 
Lithium 22,80±5,37 23,26±5,10 21,85±8,04 21,25±3,37 
Nickel 14,75±6,33 15,64±6,23 13,69±7,83 13,47±3,86 
Zinc 904,48±928,06 824,26±599,46 847,00±1188,45 1125,62±901,81 
Zirconium 27,15±7,10 25,95±7,38 25,50±8,73 30,75±6,92 
PLI 1,21±0,38 1,25±0,27 1,14±0,48 1,28±0,32 
Cartagena and Escombreras basins showed higher concentrations of Cu and Zn with respect 
to the outer harbour (Figures 38 and 39). Background concentrations of Cu and Zn are 100 
mg/kg and 500 mg/kg, respectively (López-Samaniego, 2007). Both background 
concentrations were higher than AL1. Furthermore, Cu background concentration was higher 
than ERL and Zn higher than ERM (Table 21). 
Values for Cu and Zn were higher than AL1 level (stations 1, 9 and 11; Category II sediment, 
need further analyses before disposal) and AL2 (stations 2, 4 and 8; Category III sediment, 
not suitable for open water disposal) at the internal stations, whereas only Cu and Zn levels of 
few external stations were higher than AL1 (stations 6, 12 and 17 for Cu; stations 6, 19, 24 
and 25 for Zn). Moreover, Cu concentrations of all stations (inner and outer) were higher than 
ERL level, except station 25 in June (31 mg/kg) (Table 21, Figure 38). Zn values were higher 
than ERM in the inner harbour, and at all external stations in February (except station 10, 
station REF in June, and station 17 in October). 
On the other hand, Ba, Co, Cr, Li, Ni and Zr concentrations were low in all sampling periods, 
and there were not very significant differences between the internal and external stations 
(Figure 38 and 39). 
 














































































Figure 38. Heavy metals in sediments of Cartagena harbour (Ba, Co, Cr and Cu) 


















































































Figure 39. Heavy metals in sediments of Cartagena harbour (Li, Ni, Zn and Zr) 
 



























Figure 40. Mercury in sediment of Cartagena harbour (December) 
Hg concentrations were only measured in December sampling period. Like Cu and Zn, the 
highest Hg values were found in the inner harbour (stations 2 and 4 in Cartagena basin). 
However, Hg concentrations at all sampled stations were higher than AL1 and ERM whereas 
only stations 9, 12, 17, 3 and 22 were lower than AL2 (Figure 40). 
c) Polycyclic Aromatic Hydrocarbons (PAHs) 
PAHs are ubiquitous contaminants in the marine environment, particularly in stressed areas 
like harbours, marinas and estuaries. The most important inputs of PAHs to the marine 
environment are atmospheric fallout, releases from engines, operational discharges from 
tankers, leaky tanks, accidental spills, antifouling paints, and industrial and domestic sewage. 
Concern over the effect of PAHs is due to their persistence, ability to bioaccumulate and 
toxicity to marine organisms (Giessing et al., 2003; Martínez-Lladó et al., 2007). Like heavy 
metals, Effects Range-Low (ERL) and Effects Range-Median (ERM) sediment quality 
guideline (SQGs) values from Long et al. (1995), were used to help in interpreting the 
biological significance of PAHs levels in sediments (Table 23). 
PAHs concentrations were low in Cartagena harbour sediments, and did not vary significantly 
between sampling periods (Table 24). Fluoranthene and pyrene were the most abundant in 
Cartagena harbour as they are the most dominant PAHs in the marine environment ( Giessing 
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Table 23. Action Level and ERL/ERM values for PAHs 
Long et al 1995 (µg/kg, 
ng/g dry wt.) PAHs 
ERL ERM 
Acenaphthylene 44 640 
Acenaphthene 16 500 
Anthracene 85,3 1100 
Benzo(g,h,i)perilene - - 
Chrysene - - 
Dibenzo(a,h)anthracene 63,4 260 
Fluorene 19 540 
Fluoranthene 600 5100 
Phenanthrene 240 1500 
Pyrene 665 2600 
Total PAHs 4022 44792 
Table 24. Annual and seasonal mean values of PAHs in Cartagena harbour sediments (µg/kg) 
 
Annual December June 
Acenaphthylene 14,55±28,47 14,15±34,02 14,83±24,77 
Acenaphthene 4,77±8,82 5,84±10,64 4,00±7,47 
Anthracene 41,10±60,84 32,15±57,41 47,55±64,03 
Benzo(g,h,i)perilene 32,68±58,52 32,31±72,50 32,94±48,30 
Chrysene 33,51±55,54 32,08±66,33 34,55±48,31 
Dibenzo(a,h)anthracene 10,13±15,98 9,77±17,28 10,39±15,49 
Fluorene 5,26±6,56 5,23±5,52 5,28±7,37 
Fluoranthene 55,16±105,86 45,85±101,53 61,89±111,30 
Phenanthrene 11,71±23,17 12,77±29,19 10,94±18,57 
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Figure 41. PAHs concentrations in February (Cartagena harbour) 
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Figure 42. PAHs concentrations in June (Cartagena harbour) 
Figures 41 and 42 illustrates the concentrations of PAHs in February and June sampling 
periods. The stations with highest PAHs concentrations were 4 (acenaphthylene, anthracene, 
dibenzo(a,h)anthracene values were higher than ERL level) and 14 in February 
(acenaphthylene, acenaphthene, fluorene, anthracene concentrations were higher than ERL 
level), and 24 in June (anthracene concentration was higher than ERL level). However, at any 
stations PAHs concentrations were higher than ERM level (Table 24, Figures 41 and 42). 
6.1.3. RELATIONSHIPS AMONG THE ENVIRONMENTAL VARIABLES 
Histograms of all environmental variables were performed prior to computation of Pearson 
correlation coefficient. There were a marked rightskewness in most of the water and 
sediments heavy metals data (Figure 43). Therefore, some of these environmental 
parameters were log transformed (ln(x+1)) in order to make them more normally distributed 
(Clarke & Warwich, 1994). 







































Figure 43. Example of rightshewness in water and sediment copper samples in Cartagena harbour 
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Following log transformation, Pearson correlation coefficient was calculated among all water 
and sediment environmental variables. Significant correlations at level 0,01 (2-tailed) were 
found among some environmental variables: depth, temperature, oxygen, some heavy metals 
in water and sediments, C:N ratio and PLI (Pollution Load Index) (Figures 44, 45 and 46). 
Depth showed a significant negative linear correlation with the temperature, and a positive 
correlation with oxygen. In contrast, temperature showed a significant negative correlation 
with oxygen. C:N ratio and PLI were significantly negative correlated (Figure 44). 
Depth

































































































Figure 44. Scatterplot and Pearson correlation coefficients of depth, temperature, oxygen, CN ratio and 
PLI. **Correlation is significant at the 0.01 level (2-tailed). 
Regard to water heavy metals concentrations, the highest positive correlation were found 
between Zn and Cd. Pb was also positive correlated with Cd and Cu (Figure 45). C:N ratio 
was negatively correlated with all heavy metal concentrations in sediment, except Cu (Figure 
46). Sediments with high C:N ratio has less labile organic matter, and therefore, less capacity 
to capture heavy metal cations and accumulate them. 
Cartagena harbour is near a mining area, which have been exploited in the past for obtaining 
heavy metals such as Cu, Zn and Pb. Thus, the highest positive correlation among heavy 
metals in sediments were found for Cu and Zn (0,900 at 0,01 level, 2-tailed). There were more 
positive and negative significant correlations among other metals as it is shown in Figure 46. 
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Figure 45. Scatterplot and Pearson correlation coefficients of heavy metals at bottom water (heavy metals 
concentrations were transformed with ln(x+1)) **Correlation is significant at the 0.01 level (2-tailed). 
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Figure 46. Scatterplot and Pearson correlation coefficients of CN ratio and heavy metals in sediments 
(heavy metals concentrations were transformed with ln(x+1))  
**Correlation is significant at the 0.01 level (2-tailed). 
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6.2. MACROBENTHOS 
A total of 10.199 individuals of macrobenthos, which belong to nine different phylla, were found 
in Cartagena harbour (Table 25). Polychaetes are the dominant group numerically, constituting 
76% of the individuals (7829 specimens). Molluscs (mainly bivalves) account for 16% of the 
individuals (1683 specimens), and 3% of the individuals (265 specimens) are Crustaceans 
(Figure 47). The abundance values of these phylla at each station and sampling periods are 
given in Appendix II. 
Table 25. Taxonomic groups found in Cartagena harbour 
Phyllum Subphyllum Superclass Class Order 
Annelida - - Polychaeta - 
Annelida - - Oligochaeta - 
Mollusca - - - - 
Arthropoda Mandibulata Crustacea - - 
Arthropoda Cheliceromorpha Pygnogonida - - 
Phoronida - - - - 
Echinodermata - - - Ophiuroidea 
Echinodermata - - - Echinoidea 
Echinodermata - - - Holoturioidea 
Sipuncula - - - - 
Nemertea - - - - 
Nematoda - - - - 
Cnidaria - - Anthozoa Actiniaria 
Cnidaria - - - Hydrozoa 















Figure 47. Total abundance percentage of macrobenthic taxonomic groups in Cartagena harbour 
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The average density of Polychaeta, Mollusca and Phoronida was higher inside Cartagena 
basin. On the contrary, mean density of Crustacea was higher inside Escombreras basin and 















































Figure 48. Average density of the most abundant taxonomic groups in Cartagena harbour  
(Green: December; Blue: February; Red: June; Yellow: October) 
Differences in the occurrence of taxa among Cartagena basin, Escombreras basin and outside 
the basins were also observed. Polychaetes were the most abundant group in all the stations 
and surveys (50% to 90%), except at station 4 in October (30%) where molluscs were the most 
abundant group (50%). Polychaetes were more abundant at station 6 (16240 ind·m-2 in June 
and 15480 ind·m-2 in February) and station 1 in October (13373,3 ind·m-2). Mollusca highest 
densities occurred at stations 1 and 4 in October, 5466,7 and 5493,3 ind·m-2 respectively 
(Figure 49). 
The percentages of crustaceans per station were higher in Escombreras basin and the outer 
harbour, with the maximum percentages at stations 8 and 15 in June. Crustaceans highest 
densities were recorded at stations 19 and 17 in June (1040 and 480 ind·m-2 respectively), and 
at station 15 in February (560 ind·m-2). Phoronida abundance was higher at stations 2 and 4 
inside Cartagena basin in all surveys. The maximum abundance was found at station 4 in June 
(1840 ind·m-2) (Figure 49). 
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Figure 49. Percentages of abundance (ind·m-2) per station of the most abundant taxonomic groups in each 
sampling period 
6.3. POLYCHAETES IN CARTAGENA HARBOUR 
A total of 7829 individuals belonging to 150 taxa of polychaetes (131 species, with 41 of these 
being identified only to the genus level, and 19 identified to family level) were collected 
through the course of this study. A total of 38 polychaete families were recorded: 26 in 
December, 35 in February, 33 in June and 32 in October (Table 26). The abundance values 
of polychaete taxa and species at each station and season is given in Appendix III. 
In terms of abundance, the five best represented families were Cirratulidae (dominated by 
Monticellina heterochaeta), Spionidae (dominated by Prionospio fallax), Sabellidae 
(dominated by Amphicorina sp 1), Capitellidae (dominated by Pseudomastus deltaicus) and 
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Table 26. Polychaete families in Cartagena harbour: number of specimens, genera and species 
Families Nº specimens Genera Species 
Ampharetidae 47 4 4 
Apistobranchidae 1 1 1 
Capitellidae 602 6 6 
Chaetopteridae 124 1 1 
Chrysopetalidae 1 1 1 
Cirratulidae  3087 8 9 
Cossuridae 9 1 1 
Dorvilleidae 10 2 2 
Eunicidae 223 4 4 
Flabelligeridae 1 - - 
Glyceridae 46 1 1 
Goniadidae 8 1 1 
Hesionidae 21 2 2 
Lumbrineridae 219 4 4 
Magelonidae 145 1 1 
Maldanidae 26 1 1 
Nephtyidae 64 3 4 
Nereididae 10 1 1 
Oenonidae 5 1 1 
Onuphidae 106 1 2 
Opheliidae 3 1 1 
Orbiniidae 18 1 1 
Oweniidae 205 2 2 
Paralacydonidae 72 1 1 
Paraonidae 464 4 11 
Pectinariidae 7 2 2 
Phyllodocidae 20 3 5 
Pilargidae 7 1 1 
Poecilochaetidae 15 1 2 
Polynoidae 8 1 2 
Sabellariidae 1 - - 
Sabellidae 711 8 14 
Serpulidae 5 3 4 
Sigalionidae 12 1 1 
Spionidae 1267 10 13 
Sternaspidae 5 1 1 
Syllidae 73 8 15 
Terebellidae 181 3 4 
Total 7829 95 131 
 




















































































































































































































































Figure 50. Abundance (%) of polychaete families in Cartagena harbour 
6.3.1. CHECKLIST OF POLYCHAETES SPECIES IN CARTAGENA HARBOUR 
Polychaetes classification is according to Viéitez (2004). Some specimens could not be 
identified to genus or species level due to the lack of some morphological characters (e.g. 
branchiae, palps, etc) or not available taxonomic information. Therefore, certain species need 
further research to fully determine their taxonomic status as some families and genera 
currently are being revised by polychaeta specialists (e.g. Cirratulidae, Capitellidae, 
Chaetozone). Other species remain unidentified due to unresolved taxonomic problems that 
might probably lead to new descriptions (e.g. Aphelochaeta sp., Gallardoneris sp., 
Lumbrineris sp.). Chaetozone sp. 1 is a new species similar to one Chaetozone species of the 
Bristish Isles (called Chaetozone “D”), and will be described soon by specialists of this country 
(Chambers, pers. comm.). 
The following polychaete species are present in Cartagena harbour: 
ORDEN CHAETOPTERIDA Pettibone, 1982 
FAMILY CHAETOPTERIDAE Audouin and Milne-Edwards, 1833 
 Chaetopteridae indet. 
 Genus Spiochaetopterus Sars, 1853 
o Spiochaetopterus solitarius (Rioja, 1917) 
Diagnosis: Bhaud et al., 1994: 118, figs. 2-5. 
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ORDEN CAPITELLIDA Fauchald, 1977 
FAMILY CAPITELLIDAE Grube, 1862 
 Capitellidae indet. 
 Genus Capitella Blainville, 1828 
o Capitella sp. 
 Genus Heteromastus Eisig, 1887 
o Heteromastus filiformis (Claparède, 1864) 
Diagnosis: Blake, 2000a: 69, fig. 4.8. 
 Genus Mediomastus Hartman, 1944 
o Mediomastus sp. 
 Genus Notomastus Sars, 1851 
o Notomastus sp. 
 Genus Peresiella Harmelin, 1968 
o Peresiella clymenoides Harmelin, 1968 
Diagnosis: Harmelin, 1968: 257, Planche II, figs. 1-9. 
 Genus Pseudomastus Capaccioni-Azzati and Martín, 1992 
o Pseudomastus deltaicus Capaccioni and Martín, 1992 
Diagnosis: Capaccioni-Azzati & Martin, 1992: 247-248, fig. 1. 
FAMILY MALDANIDAE Malmgren, 1867 
 Genus Clymene Oken 1815 
o Clymene sp. 
ORDEN CIRRATULIDA Dales, 1963 
FAMILY CIRRATULIDAE Carus, 1863 
 Cirratulidae indet. 
 Genus Aphelochaeta Blake, 1991 
o Aphelochaeta sp. 
 Genus Caulleriella Chamberlin, 1919 
o Caulleriella cf. alata (Southern, 1914) 
Diagnosis: Pascual et al., 2001: 56, fig. 5. 
 Genus Chaetozone Malmgren, 1867 
o Chaetozone sp. 1 
o Chaetozone gibber Woodham & Chambers, 1994 
Diagnosis: Woodham & Chambers, 1994: 308-310, figs. 1 and 3. 
o Chaetozone sp. 
 Genus Cirratulus Lamarck, 1818 
o Cirratulus sp. 
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 Genus Cirriformia Hartman, 1936 
o Cirriformia sp. 
 Genus Monticellina Laubier, 1961 
o Monticellina heterochaeta Laubier, 1961 
Diagnosis: Laubier, 1961:601, fig. 1.— Laubier, 1966: 631. 
 Genus Tharyx Webster and Benedict, 1887 
o Tharyx sp. 
 Genus Timarete Kinberg, 1866 
o Timarete sp. 
ORDEN COSSURIDA Fauchald, 1977 
FAMILY COSSURIDAE Day, 1963 
 Genus Cossura Webster & Benedict, 1887 
o Cossura soyeri Laubier, 1963 
Diagnosis: Bachelet & Laubier, 1994: 364-366, fig. 5. 
ORDEN EUNICIDA Uschakov, 1955 
FAMILY DORVILLEIDAE Chamberlin, 1919 
 Dorvilleidae indet. 
 Genus Dorvillea Parfitt, 1866 
o Dorvillea sp. 
 Genus Protodorvillea Pettibone, 1961 
o Protodorvillea kefersteini (McInstosh, 1869) 
Diagnosis: Perkins, 1979: 456, fig 17, g-m. 
FAMILY EUNICIDAE Berthold, 1827 
 Genus Eunice Cuvier, 1817 
o Eunice vittata delle Chiaje, 1822 
Diagnosis: Fauchald, 1992: 337-339, fig. 115 (a-i) 
 Genus Lysidice Savigny, 1818 
o Lysidice ninetta Audouin & Edwards, 1834 
Diagnosis: George & Hartmann-Schröder, 1985: 106, fig. 30, A-D. 
 Genus Marphysa Quatrefages, 1865 
o Marphysa belli Audouin & Edwards, 1833 
Diagnosis: Lu & Fauchald, 1998: 829-834, fig. 1, a-j. 
 Genus Nematonereis Schmarda, 1861 
o Nematonereis unicornis (Grube, 1840) 
Diagnosis: George & Hartmann-Schröder, 1985: 114, fig. 34A-34D 
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FAMILY LUMBRINERIDAE Schmarda, 1861 
 Lumbrineridae indet. 
 Genus Abyssoninoe Orensanz, 1990 
o Abyssoninoe sp. 
 Genus Gallardoneris Carrera-Parra, 2006 
o Gallardoneris sp. 
 Genus Lumbrineris de Blainville, 1828 
o Lumbrineris sp. 
 Genus Lumbrineriopsis Orensanz, 1973 
o Lumbrineriopsis cf. paradoxa (Saint-Joseph, 1888) 
Diagnosis: Ramos, 1976c: 127-129, figs. 22-23. 
FAMILY OENONIDAE Kinberg, 1865 
 Genus Drilonereis Claparède, 1870 
o Drilonereis cf. filum (Claparède, 1870) 
Diagnosis: Ramos, 1976b: 249-251, figs. 1-2. 
FAMILY ONUPHIDAE Kinberg, 1865 
 Onuphidae indet. 
 Genus Aponuphis Kucheruk, 1978 
o Aponuphis bilineata (Baird, 1870) 
Diagnosis: George & Hartmann-Schröder, 1985: 78, fig. 17. 
o Aponuphis cf. fauveli (Rioja, 1918) 
Diagnosis: Rioja, 1917: 45-48, fig. 12. 
ORDEN FLABELLIGERIDA Dales, 1963 
FAMILY FLABELLIGERIDAE Saint Joseph, 1894 
 Flabelligeridae indet. 
ORDEN MAGELONIDA Dales, 1963 
FAMILY MAGELONIDAE Cunningham and Ramage, 1888 
 Genus Magelona F. Müller, 1858 
o Magelona minuta Eliason, 1962 
Diagnosis: Fiege et al., 2000: 230, fig. 6. 
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ORDEN OPHELIIDA Fauchald, 1977 
FAMILY OPHELIIDAE Malmgren, 1867 
 Genus Polyopthalmus Dujardin, 1839 
o Polyopthalmus pictus (Dujardin, 1839) 
Diagnosis: Fauvel, 1927: 137-138, fig 48 l-o. 
ORDEN ORBINIIDA Dales, 1963 
FAMILY ORBINIIDAE Hartman, 1942 
 Genus Scoloplos Blainville, 1828 
o Scoloplos typica (Eisig,1914) 
Diagnosis: Day, 1973: 88. 
FAMILY PARAONIDAE Cerruti, 1909 
 Paraonidae indet. 
 Genus Aricidea Webster, 1879 
o Aricidea catherinae Laubier, 1967 
Diagnosis: Laubier, 1967:112-118, figs. 4-5. 
o Aricidea cerrutii Laubier, 1967 
Diagnosis: Laubier, 1967: 102-106, fig. 1. 
o Aricidea claudiae Laubier, 1967 
Diagnosis: Laubier, 1967: 124-128, fig. 8-9 
o Aricidea mutabilis Laubier & Ramos, 1973 
Diagnosis: Laubier & Ramos, 1973: 1117-1121, fig. 7. 
o Aricidea pseudoarticulata Hobson, 1972 
Diagnosis: Aguirrezabalaga & Gil, 2008: 39-45, figs 4-5. 
o Aricidea quadrilobata Webster & Benedict, 1887 
Diagnosis: Strelzov, 1979: 102-105, fig. 37.— Campoy, 1981: 16, figs. 1E-2. 
 Genus Cirrophorus Ehlers, 1908 
o Cirrophorus branchiatus Ehlers, 1908 
Diagnosis: Laubier, 1965: 469, fig. 1.— Imajima, 1973: 274-275, fig. 11. 
o Cirrophorus furcatus (Hartman, 1957) 
Diagnosis: Strelzov, 1979: 140-142, fig. 50 A-E.— Blake, 1996d: 40, fig. 2.5. 
 Genus Levinsenia Mesnil, 1897 
o Levinsenia gracilis (Tauber, 1879) 
Diagnosis: Blake, 1996d: 33-34, fig. 2.1. 
 Genus Paradoneis Hartman, 1965 
o Paradoneis drachi Laubier & Ramos, 1973 
Diagnosis: Laubier & Ramos, 1973: 1099-1102, fig. 1. 
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o Paradoneis lyra (Southern, 1914) 
Diagnosis: Mackie, 1991: 148-151, figs. 1-3. 
ORDEN OWENIIDA Dales, 1963 
FAMILY OWENIIDAE Rioja, 1917 
 Oweniidae indet. 
 Genus Galathowenia Kirkegaard, 1959 
o Galathowenia oculata (Zask, 1922) 
Diagnosis: Martin, 1989: 48-49, figs. 3-6. 
 Genus Owenia delle Chiaje, 1842 
o Owenia fusiformis delle Chiaje, 1842 
Diagnosis: Martin, 1989: 49-50, fig.2. 
ORDEN PHYLLODOCIDA Levinsen, 1883 
FAMILY CHRYSOPETALIDAE Ehlers, 1864 
 Genus Chrysopetalum Ehlers, 1864 
o Chrysopetalum debile (Grube, 1855) 
Diagnosis: San Martín, 2004a: 440- 442, fig. 161. 
FAMILY POLYNOIDAE Malmgren, 1867 
 Polynoidae indet. 
 Genus Harmothoe Kinberg, 1855 
o Harmothoe sp. 
o Harmothoe spinifera (Ehlers, 1864) 
Diagnosis: Barnich & Fiege, 2000: 1894-1897, figs. 2A and 3. 
FAMILY SIGALIONIDAE Malmgren, 1857 
 Sigalionidae indet. 
 Genus Sthenelais Kinberg, 1855 
• Sthenelais cf. ctenolepis Claparède, 1868 
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FAMILY NEPHTYIDAE Grube, 1850 
 Genus Aglaophamus Kinberg, 1865 
o Aglaophamus malmgreni (Théel, 1879) 
Diagnosis: Laborda, 2004: 412-414, fig. 151B. 
 Genus Micronephtys Friedrich, 1939 
o Micronephtys maryae San Martín, 1982 
Diagnosis: Laborda, 2004: 416-418, fig. 152. 
 Genus Nephtys Cuvier 1817 
o Nephtys incisa Malmgren, 1865 
Diagnosis: Laborda, 2004: 405, fig. 148C-D. 
o Nephtys kersivalensis McIntosh, 1908 
Diagnosis: Laborda, 2004: 406, fig. 149 A-C 
o Nephtys sp. 
FAMILY PARALACYDONIIDAE Pettibone, 1963 
 Genus Paralacydonia Fauvel, 1913 
o Paralacydonia paradoxa Fauvel, 1913 
Diagnosis: San Martín, 2004b: 420-422, fig.153 
FAMILY HESIONIDAE Grube, 1850 
 Genus Syllidia Quatrefages, 1866 
o Syllidia armata Quatrefages, 1866 
Diagnosis: Parapar et al., 2004a: 235-237, fig. 84. 
 Genus Ophiodromus Sars, 1861 
o Ophiodromus flexuosus (Delle Chiaje, 1827) 
Diagnosis: Parapar et al., 2004a: 248-250, fig. 88. 
FAMILY NEREIDIDAE Savigny, 1822 
 Genus Neanthes Kinberg, 1865 
o Neanthes caudata (delle Chiaje, 1827) 
Diagnosis: Núñez, 2004: 352-354, fig. 129. 
FAMILY PILARGIDAE Saint Joseph, 1899 
 Genus Sigambra Müller, 1858 
o Sigambra parva (Day, 1963) 
Diagnosis: Parapar et al., 2004b: 285-288, figs. 103 and 104. 
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FAMILY SYLLIDAE Grube, 1850 
 Genus Exogone Örsted, 1845 
o Exogone naidina Örsted, 1845 
Diagnosis: San Martín, 2003: 262-265, figs. 142-143. 
o Exogone rostrata Naville, 1933 
Diagnosis: San Martín, 2003: 265-268, figs. 144-145. 
o Exogone verugera (Claparède, 1868) 
Diagnosis: San Martín, 2003: 271-274, figs. 147-148. 
 Genus Haplosyllis Langerhans, 1879 
o Haplosyllis spongicola (Grube, 1855) 
Diagnosis: San Martín, 2003: 323-325, figs. 179-180. 
 Genus Paraehlersia San Marín, 2003 
o Paraehlersia ferrugina (Langerhans, 1881) 
Diagnosis: San Martín, 2003: 61-65, figs. 19-21. 
 Genus Parapionosyllis Fauvel, 1923 
o Parapionosyllis brevicirra Day, 1954 
Diagnosis: San Martín, 2003: 281-285, figs. 153-155. 
o Parapionosyllis minuta (Pierantoni, 1903) 
Diagnosis: San Martín, 2003: 288- 291, figs. 158-159. 
 Genus Sphaerosyllis Claparède, 1863 
o Sphaerosyllis glandulata Perkins, 1981 
Diagnosis: San Martín, 2003: 193-195, fig. 100. 
o Sphaerosyllis hystrix Claparède, 1863 
Diagnosis: San Martín, 2003: 203-206, figs. 106-107. 
o Sphaerosyllis taylori Perkins, 1981 
Diagnosis: San Martín, 2003: 206-208, fig. 108. 
 Genus Syllides Örsted, 1845 
o Syllides japonicus Imajima, 1966 
Diagnosis: San Martín, 2003: 142-143, fig. 69. 
o Syllides sp. 
 Genus Syllis Lamarck, 1818 
o Syllis armillaris (O.F. Müller, 1771) 
Diagnosis: San Martín, 2003: 423-426, figs. 232-233. 
o Syllis gracilis Grube, 1840 
Diagnosis: San Martín, 2003: 413-416, figs. 226-227. 
o Syllis sp. 
 Genus Trypanosyllis Claparède, 1864 
o Trypanosyllis zebra (Grube, 1860) 
Diagnosis: San Martín, 2003: 311-315, figs. 171-173. 
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FAMILY PHYLLODOCIDAE Örsted, 1843 
 Phyllodocidae indet. 
 Genus Eteone Savigny, 1822 
o Eteone sp. 
 Genus Eumida Malmgren, 1865 
o Eumida sanguinea (Örsted, 1843) 
Diagnosis: Alós, 2004: 138-140, fig. 44 
 Genus Phyllodoce Lamarck, 1818 
o Phyllodoce lineata (Claparède, 1870) 
Diagnosis: Alós, 2004: 156-158, fig. 52. 
o Phyllodoce cf. mucosa Örsted, 1843 
Diagnosis: Alós, 2004: 152-154, fig. 50. 
o Phyllodoce sp. 
FAMILY GLYCERIDAE Grube, 1850 
 Genus Glycera Savigny, 1818 
o Glycera unicornis Savigny, 1818 
Diagnosis: O´Connor, 1987: 175-176, fig. 6. 
FAMILY GONIADIDAE Kinberg, 1866 
 Genus Goniada Audouin & Milne Edwards, 1833 
o Goniada hexadentes Böggemann & Eibye-Jacobsen, 2002 
Diagnosis: Böggemann, 2005: 117-120, figs. 61 y 62. 
ORDEN SABELLIDA Levinsen, 1883 
FAMILY SABELLIDAE Malmgren, 1866 
 Sabellidae indet. 
 Genus Amphicorina Quatrefages, 1850 
o Amphicorina sp 1 
 Genus Bispira Kröyer, 1856 
o Bispira viola (Grube, 1863) 
Diagnosis: Knight-Jones & Perkins, 1998: 422-424, fig. 14. 
 Genus Chone Krøyer, 1856 
o Chone acustica (Claparède, 1870) 
Diagnosis: Tovar-Hernández et al., 2007: 318-322, fig. 3. 
o Chone arenicola Langerhans, 1880 
Diagnosis: Tovar-Hernández et al., 2007: 322- 324, fig. 4. 
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o Chone collaris Langerhans, 1880 
Diagnosis: Tovar-Hernández et al., 2007: 324-326, fig. 5. 
o Chone dunerificta Tovar-Hernández, Licciano and Giangrande, 2007 
Diagnosis: Tovar-Hernández et al., 2007: 329-331, fig. 7. 
o Chone cf. usticensis Giangrande, Licciano and Castriota, 2006 
Diagnosis: Giangrande et al., 2006: 53-55, figs. 2-4. 
o Chone sp. 1 
o Chone sp.2 
o Chone sp. 
 Genus Demonax Kinberg, 1867 
o Demonax sp. 
 Genus Euchone Malmgren, 1866 
o Euchone sp. 
 Genus Jasmineira Langerhans, 1880 
o Jasmineira sp. 
 Genus Megalomma Johansson, 1927 
o Megalomma sp. 
 Genus Pseudofabriciola Fitzhugh, 1990 
o Pseudofabriciola sp. 1 
FAMILY SERPULIDAE Johnston, 1865 
 Genus Hydroides Gunnerus, 1768 
o Hydroides elegans (Haswell, 1883) 
Diagnosis: Bianchi, 1978: 273, fig. 1 c-d.— Bianchi, 1981: 56-58, fig. 18 
 Genus Pomatocerus Philippi, 1844 
o Pomatocerus sp. 
 Genus Vermiliopsis Saint-Joseph, 1894 
o Vermiliopsis infundibulum (Philippi, 1844) 
Diagnosis: Bianchi, 1981: 71-73, fig. 25. 
o Vermiliopsis sp. 
ORDEN SPIONIDA Hatschek, 1893 
FAMILY APISTOBRANCHIDAE Mesnil and Caullery, 1898 
 Genus Apistobranchus Levinsen, 1883 
o Apistobranchus sp. 
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FAMILY POECILOCHAETIDAE Hannerz, 1956 
 Poecilochaetus Claparède, 1875 
o Poecilochaetus serpens Allen 1904 
Diagnosis: Rouse & Pleijel, 2001: fig. 67.1.— Mackie, 1990: 337, fig. 10 E-G. 
o Poecilochaetus sp. 1. 
FAMILY SPIONIDAE Grube, 1850 
 Spionidae indet. 
 Genus Aonides Claparède, 1864 
o Aonides oxycephala (Sars, 1862) 
Diagnosis: Ramos, 1976a: 13-16, figs. 1-2.— Imajima, 1989: 215-217, fig. 2. 
 Genus Dipolydora Verrill, 1879 
o Dipolydora sp. 1 
 Genus Laonice Malmgren, 1867 
o Laonice bahusiensis Söderström, 1920 
Diagnosis: Sikorski, 2003: 320-325, figs. 3, 5(A-B). 
 Genus Malacoceros Quatrefages, 1843 
o Malacoceros sp. 
 Genus Paraprionospio Caullery, 1914 
o Paraprionospio sp. 
 Genus Prionospio Malmgren, 1867 
o Prionospio fallax Söderström, 1920 
Diagnosis: Sigvaldadóttir & Mackie, 1993: 207-211, figs 3-4. 
o Prionospio sp. 
 Genus Pseudopolydora Czerniavsky, 1981 
o Pseudopolydora paucibranchiata (Okuda, 1937) 
Diagnosis: Ramberg & Schram, 1983: 244-246, fig. 8.— Radashevsky & Hsieh, 
2000: 223, fig. 3g-j and 11c. 
o Pseudopolydora pulchra (Carazzi, 1895) 
Diagnosis: Ramberg & Schram, 1983: 235. 
 Genus Scolelepis Blainville, 1828 
o Scolelepis sp. 
 Genus Spio Fabricius, 1785 
o Spio decoratus Bobretzky, 1871 
Diagnosis: Dauvin, 1989: 169-170, fig.1.— Maciolek, 1990: 1109. 
o Spio filicornis (Müller, 1776) 
Diagnosis: Dauvin, 1989: 168.— Maciolek, 1990: 1116-1118, fig. 1. 
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 Genus Spiophanes Grube,1860 
o Spiophanes afer Meißner, 2005 
Diagnosis: Meißner, 2005: 36-38, fig. 20. 
ORDEN STERNASPIDA Levinsen, 1883 
FAMILY STERNASPIDAE Carus, 1863 
 Genus Sternaspis Otto, 1821 
o Sternaspis scutata (Ranzani, 1817) 
Diagnosis: Rallo & Moya, 1987: 45, figs. 0-8.— Petersen, 2000: 328-329, fig. 11.3, 
B-C. 
ORDEN TEREBELLIDA LEVINSEN, 1883 
FAMILY AMPHARETIDAE Malmgren, 1866 
 Ampharetidae indet. 
 Genus Ampharete Malmgren, 1866 
o Ampharete sp. 
 Genus Melinna Malmgren, 1866 
o Melinna palmata Grube, 1870 
Diagnosis: Holthe, 1986: 85-86, fig. 36, map 35. 
 Genus Sabellides Milne Edwards, 1838 in Malmgren 1866 
o Sabellides sp. 
 Genus Sosane Malmgren, 1866 
o Sosane sulcata Malmgren, 1866 
Diagnosis: Holthe, 1986: 48-50, fig. 17, map 16. 
FAMILY PECTINARIIDAE Quatrefages, 1866 
 Genus Amphictene Lamarck, 1818 
o Amphictene auricoma (O.F. Müller, 1776) 
Diagnosis: Hutchings & Peart, 2002: 102.— Fauvel, 1927: 222-223, fig. 78 a-f. 
 Genus Pectinaria Savigny in Lamarck, 1818 
o Pectinaria sp. 
FAMILY SABELLARIIDAE Johnston, 1865 
 Sabellariidae indet. 
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FAMILY TEREBELLIDAE Malmgren, 1867 
 Terebellidae indet. 
 Genus Pista Malmgren, 1866 
o Pista cristata O.F. Müller, 1776 
Diagnosis: Holthe, 1986: 112-114, fig. 49, map 48. 
o Pista cf. unibranchia Day, 1963 
Diagnosis: Cantone, 1981: 67, figs. 1-4. 
 Genus Proclea Saint-Joseph, 1894 
o Proclea cf. graffi (Langerhans, 1884) 
Diagnosis: Hilbig, 2000: 282, fig. 9.22.— Holthe, 1986: 132-134, fig. 59, map 58. 
 Genus Terebellides Sars, 1835 
o Terebellides cf. stroemi Sars, 1853 
Diagnosis: Holthe, 1986: 170-172, fig. 80. 
6.3.2. GENERAL CHARACTERIZATION OF THE POLYCHAETE TAXOCENE 
6.3.2.1. Species richness, abundance, dominance and frequency index 
Temporal variations in abundance (N) and number of species (species richness, S) at all 
stations and surveys are presented in Figure 51. 
The highest number of species was encountered at stations 12 and 10 in February (37 and 36 
species respectively), and station 7 in June (35 species). In contrast, the lowest number of 
species was recorded at stations 2, 4 and 8. The number of species increases as we move 
away from Cartagena and Escombreras basins to the outer harbour. However, the number of 
species was higher inside Escombreras than Cartagena basin, with the exception of station 8 
where the number of species is similar or lower than in Cartagena basin (Figure 51). 
The highest average abundance occurred at station 1 in October (15500 ind·m-2), and at 
station 6 in February (15480 ind·m-2) and June (16240 ind·m-2) (Figure 51). Station 8 showed 
the lowest value of mean abundance in December, February and June, and station 12 in 
October. 





























































































































































































































































































































Figure 51. Temporal fluctuations in the polychaete mean densities (N, ind·m-2) and number of species (S) 
 
 
















































































































































































































































































Figure 52. Constant, common and some rare (> 1% dominance) polychaete species in Cartagena harbour 
The most abundant species were Monticellina heterochaeta with 1988 specimens (25,4 %), 
followed by Prionospio fallax with 519 specimens (6,6%), Aphelochaeta sp. with 517 
specimens (6,6%), Pseudopolydora paucibranchiata with 470 specimens (6,0%), Cirrophorus 
furcatus with 315 specimens (4,0%), Chaetozone sp. 1 with 252 (3,2%), Pseudomastus 
deltaicus with 240 specimens (3,1%) and Amphicorina sp. 1 with 201 specimens (2,6%) 
(Figure 52). 
Species Frequency Index, dominances and mean density of constant and common species 
with respect to Cartagena harbour zones are given in Tables 27 and 28. The rest of the 
species were considered as rare (108 species), and 3 of these species were dominant but 
only found at few stations (Bispira viola at station 12 in June and the three replicates at station 
17 in October; Capitella sp. at station SR; Cirriformia sp. at stations 1, 2 and 4). 
The species with the highest frequency of occurrence and percentage of dominance were M. 
heterochaeta (present in 81,5% of the stations, 25,4 % of dominance), Aphelochaeta sp. 
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Table 27. Frequency (F), dominance (Di) and mean density of constant species (ind·m-2)  
in Cartagena harbour 
Mean density by areas (ind·m-2) 




Amphicorina sp.1 61,7 2,6 99,3 37,89 117,33 118,30 
Aphelochaeta sp. 66,7 6,6 255,3 568,42 341,33 101,28 
Eunice vittata 62,96 2,3 87,4 92,63 133,33 70,64 
Lumbrineris sp. 55,6 2,0 76,0 12,63 40,00 113,19 
Mediomastus sp. 55,6 1,4 54,3 35,79 58,67 60,43 
Monticellina heterochaeta 81,5 25,4 981,7 2486,32 821,33 424,68 
Prionospio fallax 65,4 6,6 256,3 400,00 397,33 153,19 
 
Table 28. Frequency (F), dominance (Di) and mean density of common species (ind·m-2) 
in Cartagena harbour 
Mean density by areas (ind·m-2) 




Aponuphis bilineata 34,6 1,0 37,0 4,21 10,67 58,72 
Chaetozone gibber 39,5 0,8 31,6 71,58 21,33 18,72 
Chaetozone sp. 1 40,7 3,2 124,4 383,16 80,00 34,04 
Chone dunerificta 43,2 1,9 72,1 8,42 26,67 112,34 
Cirrophorus furcatus 32,1 4,0 155,6 530,53 53,33 36,60 
Euchone sp. 43,2 1,8 70,6 4,21 18,67 114,04 
Galathowenia oculata 44,4 1,9 75,1 4,21 85,33 100,43 
Gallardoneris sp. 37,0 0,5 20,2 8,42 16,00 26,38 
Glycera unicornis 46,9 0,6 22,7 14,74 29,33 23,83 
Heteromastus filiformis 28,4 0,5 17,8 48,42 10,67 7,66 
Magelona minuta 35,8 1,9 71,6 0,00 0,00 123,40 
Mycronephtys maryae 28,4 0,5 18,8 29,47 10,67 17,02 
Nematonereis unicornis 29,6 0,5 20,7 2,11 18,67 28,94 
Notomastus sp. 25,9 0,5 18,8 8,42 2,67 28,09 
Owenia fusiformis 34,6 0,7 25,2 12,63 29,33 28,94 
Paralacydonia paradoxa 37,0 0,9 35,6 0,00 0,00 61,28 
Pista cf. unibranchia 25,9 0,4 16,8 0,00 29,33 19,57 
Pseudomastus deltaicus 55,6 3,1 118,5 33,68 416,00 57,87 
Pseudopolydora 
paucibranchiata 
40,7 6,0 232,1 383,16 72,00 222,13 
Spiochaetopterus 
solitarius 
32,1 1,6 60,7 2,11 66,67 82,55 
Some species were more abundant in the inner harbour: Aphelochaeta sp., M. heterochaeta, 
C. gibber, Chaetozone sp. 1, C. furcatus, H. filiformis, M. maryae and P. paucibranchiata were 
more abundant in Cartagena basin; P. fallax was similar to both basins; and P. deltaicus was 
more abundant in Escombreras basin. 
 
Chapter 6. Results 
 92 
On the contrary, other species were more abundant in the outer harbour (Lumbrineris sp., A. 
bilineata, C. dunerificta, Euchone sp., G. oculata, Notomastus sp.), and others in the outer 
and inside Escombreras (Amphicorina sp. 1, Gallardoneris sp., N. unicornis, O. fusiformis, P. 
cf. unibranchia, S. solitarius). Two species were only collected in the outer harbour (M. minuta 
and P. paradoxa), and three species were even distributed in the inner and the outer harbour 
(E. vittata, Mediomastus sp., G. unicornis). 
6.3.2.2. Diversity indices 
Gray (2000) recommended using Exp H´and 1/Simpson´s Index as diversity indices together 
with the Shannon-Wiener index (H´), which is the most frequently index used in marine 
biology. H´ has little variability among stations whereas Exp H´and the 1/Simpson´s Index 
show much more variability (Gray, 2000; Magurran, 2003). Thus, we used these three 
diversity indices for characterising polychaete species diversity in Cartagena harbour. 
Figures 53 and 54 illustrate these three diversity indices during the four surveys. Values of H´ 
were very similar at stations with high values and therefore, it is difficult to see the differences 
between them. On the other hand, values of Exp H´and 1/Simpson´s index show clearly 
differences among stations. 
The minimum diversity values (H´, Exp H´ and 1/Simpson´s index) were measured at stations 
1, 2 and 4 in Cartagena basin, and station 8 in Escombreras basin. High diversity values were 
found at the external stations: 14 in December, 12 in February, 17 and 23 in June, and 11 and 
3 in October. The highest evenness (J, E 1/D) values were measured at station 8 due to the 
low number of species, and the lowest at stations 1, 2, 4 and SR (Figures 53 and 54). 
The correlation of abundance (N), species number (S) and diversity measures (H´, exp H´, 
1/D, J´and E 1/D) with depth, heavy metals (i.e. Cu and Zn) in sediment, C:N ratio and PLI 
(Pollution Load Index) were determined using the Spearman correlation coefficient (Table 29). 
The results of linear correlation among these parameters showed that abundance decreased 
with depth. Species number, diversity (H´, exp H´, 1/D) and evenness (J, E 1/D) were 
positively correlated with depth, negatively correlated with Cu, Zn and PLI, and not correlated 
with C:N ratio. 
Table 29. Spearman correlation coefficients among biological and environmental parameters  
(** Correlation is significant at the 0,01 level (2-tailed); * Correlation is significant at the 0,05 level (2-tailed)) 
 
N S H´ Exp H´ 1/D J´ E 1/D 
Depth -0,459** 0,330** 0,615** 0,613** 0,727** 0,744** 0,680** 
CN ratio -0,169 -0,025 0,114 0,118 0,213 0,227 0,140 
Cu (mg/kg) 0,110 -0,374* -0,563** -0,559** -0,585** -0,525** -0,371* 
Zn (mg/kg) 0,056 -0,440** -0,593** -0,591** -0,607** -0,499** -0,318* 
PLI -0,099 -0,323* -0,355* -0,355* -0,340* -0,243 -0,050 















































































































































Figure 53. Diversity measures (H´, Exp H´ and 1/Simpson´s Index) and eveness values (J and E 1/D) in Cartagena harbour (December and February) 
 















































































































































Figure 54. Diversity measures (H´, Exp H´ and 1/Simpson´s Index) and eveness values (J and E 1/D) in Cartagena harbour (June and October) 
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6.3.2.3. Geographic distribution and invasive polychaete species 
The polychaete species reported in Cartagena harbour are mainly Atlanto-Mediterranean 
(30,1%) and circumglobal species (17%) (Figure 55). Furthermore, the percentage of 
cosmopolitan (12,3 %) and cosmopolitan in warm and warm-temperate waters (11,0%) 
species were also high. On the other hand, only 11% of the polychaete species were endemic 
in the Mediterranean. Therefore, the polychaete species encountered in Cartagena harbour 
are widely distributed worldwide. This pattern in the species distribution would be expected in 
a harbour which receives ships and vessels from all parts of the world, including Antarctic Sea 
(“Hespérides” vessel used in the Spanish Antarctic research was repaired within Cartagena 
basin). 
A B C D E F G H I
 
Figure 55. Percentages of polychaete species in Cartagena harbour according to their geographic 
distribution. 
A=Arctic, Atlantic, Indo-Pacific and Mediterranean. B= Antarctic, Atlantic, Indo-Pacific and Mediterranean. C= 
Cosmopolitan. D= Cosmopolitan in warm and warm-temperate waters. E= Circumglobal. F= Amphi-Atlantic. G= 
Atlanto-Mediterranean. H= Endemic Mediterranean. I= Not classified 
According to Zenetos et al. (2005), at least two species can be described as invasive 
organisms in Cartagena harbour: Hydroides elegans (2 specimens) and Pista cf. unibranchia 
(34 specimens). Recently, Dagli and Cinar (2008) reported the first occurrence of an alien 
spionid, Pseudopolydora paucibranchiata in and near Alsancak harbour in the Mediterranean 
Sea (Dagli & Cinar, 2008). This species was common in Cartagena harbour with very high 
densities at few stations (470 specimens). Therefore, three invasive species were reported in 
Cartagena harbour. 
H. elegans was only found at two stations (6 and 9). On the contrary, P. cf. unibranchia was 
considered as a common species in Cartagena harbour (25,9 % of frequency), however it was 
not recorded in any station inside Cartagena basin. P. paucibranchiata was only very 
abundant in a few stations in Cartagena harbour (40,7 % of frequency) with the highest 
abundances at stations 1 and 6 in February. 
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H. elegans is found sublittorally in tropical and subtropical waters around the world, and is 
considered as an invasive in harbour environments all over the Mediterranean (Zenetos et al., 
2005). Its area of origin is not known but the species was first described from Sydney harbour. 
It has been detected in artificially heated waters in Swansea, United Kingdom, and Vlissingen, 
the Netherlands (Moen, 2006). In Alansack harbour, it was found living on dead bivalve shells 
embedded in muddy substrates (Çinar et al., 2006). 
P. paucibranchiata was originally described from Japan, and was subsequently reported from 
the Pacific Ocean, the northeastern Atlantic and, recently, the Mediterranean Sea. This 
species was previously reported to have been introduced to the Australian waters from the 
Japan by ships. Dagli and Cinar (2008) speculated that this species could be introduced in the 
Mediterranean by ballast water, as it forms relatively dense populations in harbours on the 
Levantine coast of Turkey. These authors also pointed out that P. paucibranchiata may be 
reported as P. antennata in previous studies in the polluted zone in the Mediterranean, and 
this reports should be re-examined to find out its first settlement time in it (Dagli & Cinar, 
2008). 
6.3.2.4. Trophic structure 
Studies of polychaete trophic structure usually do not use the complete conceptual framework 
elaborated by Fauchald and Jumars (1979) (Fauchald & Jumars, 1979; Pagliosa, 2005). 
Therefore, total percentage of trophic groups present in Cartagena harbour is illustrated in two 
different graphs: one following the most used division into seven trophic categories (surface 
deposit feeders, subsurface deposit feeders or burrowers, filter feeders, mixed feeders, 
omnivores, herbivores and carnivores); and other following the classification of Fauchald and 
Jumars (1979) (Figures 56 and 57). 
Figure 56 shows that the most dominant trophic group in Cartagena harbour was surface-
deposit feeders followed by burrowers or subsurface-deposit feeders, whereas carnivores and 
herbivores were less important in terms of abundance. 
Feeding guilds (%)
S B F M O C H
 
Figure 56. Dominance (based on mean annual density) of the trophic groups in Cartagena harbour 
(S= surface-deposit feeders; B=burrowers or subsurface-deposit feeders; F= filter feeders; O= omnivores; C= 
carnivores; H= herbivores) 
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The 131 polychaete species were separated into 14 guilds (see Table 16 of Chapter 5 for 
acronym legend). The SDT guild dominated, followed by BMX, FST, M, O, BMT and SST 
groups, together representing 94,1% of the total abundance of the polychaetes in Cartagena 
harbour. CMJ, BDT, CMX, BSX, HMJ, SMX and SMJ guilds were scarce (Figure 57). 
Feeding guilds (%)
SDT BMX FST M O BMT SST CMJ BDT CMX BSX
HMJ SMX SMJ
 
Figure 57. Dominance (based on mean annual density) of the trophic groups in Cartagena harbour 
(S= surface-deposit feeders; B=burrowers or subsurface-deposit feeders; F= filter feeders; O= omnivores; C= 
carnivores; H= herbivores) 
SDT group was most abundant within the harbour, especially inside Cartagena basin, and at the 
external stations near the mouth of Cartagena basin (stations 6 and 7), except station 1 in 
February where M group were more abundant due to the high density of P. paucibranchiata at 
this station. Moreover, P. paucibranchiata abundance was also higher at station 6 and 8 in the 
same month, and therefore, M group was one of the most representative groups at these three 
stations in February (Figure 58). 
On the other hand, SST was more abundant within Escombreras basin and in the outer harbour 
than within Cartagena basin. Figure 58 also shows that F group was the dominant at stations 14, 
15 and 17 in almost all the sampling periods, where the water currents are expected to be 
higher than inside the harbour. Generally, as we move from the inner to the outer harbour, there 
were more diversity of trophic groups, and the percentages of FST, O, BMX, BMT, CMJ and 
CMX also increased (Figure 58). 
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Figure 58. Trophic groups (%) of polychaetes in Cartagena harbour
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6.3.2.5. Ecological groups 
Since AMBI and BENTHIX indices are based on indicator species, each one included a list of 
species classified into different ecological groups. However, we have found that some 
polychaete species present different degrees of sensitivity or tolerance to disturbance factors in 
these checklist. 
For instance, only 6 of the 30 dominant polychaete species of Cartagena harbour have been 
classified with the same degree of sensitivity or tolerance in both indices (M. heterochaeta, P. 
fallax, A. bilineata, M. minuta, C. dunerificta and M. maryae), 4 species of 30 are not listed in 
any of the checklists (Amphicorina sp., Pista unibranchia, Gallardoneris sp. B. viola) and 13 of 
30 taxa are only included in the checklist of AMBI (Aphelochaeta sp., Chaetozone sp., 
Lumbrineris sp., Mediomastus sp., C. furcatus, G. oculata, Euchone sp., Notomastus sp., C. 
gibber, S. solitarius, P. paucibranchiata, Capitella sp. and Cirriformia sp.). Finally, 7 species of 
the 30 dominant polychaete species have different degree of tolerance to disturbance for AMBI 
and BENTHIX (Table 30). 
Table 30. Degree of tolerance to pollution of seven dominant polychaeta species in Cartagena harbour 
 
AMBI BENTHIX 
E. vittata Indiferent (GII) Tolerant or second order opportunistic (GII) 
G. unicornis Indiferent (GII) Tolerant or second order opportunistic (GII) 
H. filiformis Second order opportunistic (GIV) First order opportunistic (GIII) 
N. unicornis Indiferent (GII) Tolerant or second order opportunistic (GII) 
O. fusiformis Indiferent (GII) Tolerant or second order opportunistic (GII) 
P. paradoxa Indiferent (GII) Tolerant or second order opportunistic (GII) 
P. deltaicus First order opportunistic (GV) Tolerant or second order opportunistic (GII) 
Despite these differences of the sensitivity or tolerance of polychaete taxa between the two 
checklist, there were clear variations on the percentage of ecological groups, defined by AMBI 
and BENTHIX, between both basins and the outer harbour. 
Regarding ecological groups under AMBI, the highest percentages of GI and GII were 
recorded at the external stations, while the highest percentages of GIV and GV were found 
inside both basins. Nevertheless, the percentage of GIV inside Escombreras was lower than 
Cartagena, whereas the percentage of GI, GII and GV was higher. This can be due to the 
higher densities of P. deltaicus (GV) and O. fusiformis (GII), and the lower densities of M. 
heterochaeta and Aphelochaeta spp. (GIV) at Escombreras stations. Figures 59 and 60 
illustrates these gradient between inner and outer, and Cartagena and Escombreras basin. 
Nevertheless, results of station 8 were very different to the other internal stations due to their 
impoverished fauna (few individuals and species in all the sampling periods). Therefore, this 
station can not be comparable to the rest of stations in Cartagena harbour. 
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Figure 59. Ecological groups (%) of polychaete species in Cartagena harbour (AMBI checklist) 







































































































Figure 60. AMBI ecological groups (%) of polychaete species in Cartagena harbour (Cartagena basin, Escombreras basin and the outer)
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The internal stations can be distinguished from the external, and Cartagena stations can 
also be separated from Escombreras stations when polychaete taxa were classificated 
according to BENTHIX ecological groups. The highest percentages of GII were recorded 
inside Cartagena basin and the highest percentages of GI were found at outer harbour. 
Moreover, percentages of GI in Escombreras were higher than in Cartagena basin 



















































Figure 61. BENTHIX ecological groups (%) of polychaete species in Cartagena harbour (Cartagena 
basin, Escombreras basin and the outer)






































































































Figure 62. Ecological groups (%) of polychaete species in Cartagena harbour (BENTHIX checklist) 
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6.3.3. POLYCHAETE ASSEMBLAGES: SPATIAL AND TEMPORAL DISTRIBUTION 
Cluster analysis, based on 81 samples and 150 polychaete taxa, was used to define groups 
of stations with similar species composition. This analysis distinguished two major clusters (at 
30% similarity), each with several polychaete assemblages: one which comprised stations 
with less than 30 m depth (Cluster 1), and the second included stations with more than 30 m 
depth (Cluster 2). Station 15 of 22 m depth was included only in Cluster 2, and stations 17 
and 12 were included in both of them (Figure 63). 
The shallow water cluster (< 30 m) contains the following assemblages (Figure 63): 
• Group A comprised stations 2 and 4 of the four sampling periods, including replicates of 
October (except station 2 in December). This two stations were located inside Cartagena 
basin (mean depth 13 m). This is an assemblage dominated by M. heterochaeta, and other 
species such as Chaetozone sp. 1, Aphelochaeta sp. and Cirriformia sp. The total 
abundance was 825 specimens (27 species), and the mean density was 3000 ind·m-2. 
• Group B included the stations 1, 6, 7, 9, 10, 11 and 14 of all sampling periods, station 2 
station in December, station 17 (February and June) and station 12 (February and one 
replicate of October) (mean depth 18,5 m, range 13-30 m). In terms of abundance, the 
dominant species were M. heterochaeta, P. fallax, Aphelochaeta sp., E. vittata, P. deltaicus 
and Amphicorina sp. 1. The total abundance was 5407 specimens (102 species) and the 
mean density was 6179,4 ind·m-2. 
The deep water cluster (> 30 m) contains these five assemblages (Figure 63): 
• Group C was composed by the stations 3, 19 and 23 in all surveys, 19,22 and 23 in 
February and June, 24 and REF in June and 25 in February (mean depth 39,7 m, range 32-
51 m). Dominant species include: Lumbrineris sp., M. minuta, P. paradoxa, M. 
heterochaeta, P. fallax, Euchone spp and P. clymenoides. This group comprised 835 
specimens (79 species) and mean density was 2226,7 ind·m-2. 
• Group D corresponded to 5 stations: 12 (December and one replicate of October), 15 
(February and June) and 22 (December) (mean depth 27,6 m, range 22-32 m). C. 
dunerificta, Spionidae indet., Gallardoneris sp., Amphicorina sp. 1, Euchone sp., 
Terebellides cf. stroemi, A. bilineata and N. unicornis were the most important taxa of the 
group. The total number of specimens was 129 (36 species) and mean density was 1032 
ind·m-2. 
• Group E comprised only the three replicates at 17 sampled on October (30 m depth), and 
the most important species were B. viola (39,6%), M. heterochaeta, Notomastus sp., A. 
bilineata and P. deltaicus with a total abundance of 217 specimens (35 species) and 2893,3 
ind·m-2. 
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• Group F was composed by 4 stations: 12 (June), 17 (December), 24 (February) and 25 
(June) (mean depth 34 m, range 29-42 m). Dominant species were: A. bilineata, P. 
paradoxa, Amphicorina sp. 1, Euchone sp., C. dunerificta, Mediomastus sp. and 
Lumbrineris sp., and the total abundance were 171 specimens (43 species) and 1710 
ind·m-2. 
• Group G comprised only one sample, 15 site sampled on February (22 m) with 49 
specimens (23 species) and a mean density of 1960 ind·m-2. The dominant species was C. 
dunerificta which constituted 36,7 % of the total abundance. 
 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 63. Dendrogram from the cluster analysis based on stations. A, B, C, D, E, F and G are station-groups. Sample number correspond to station name and sample letter to 
sampling period: d (December), f (February), j (June) and o (Octuber, with three replicates).
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Replicate samples (e.g. 1´o, 1´´o and 1´´´o) occupied adjacent positions in the dendrogram 
except two stations (6 and 12). Six stations were ungrouped in the cluster analysis: one 
replicate of station 12 (October), station 8 (December, February and June), station SR 
(February) and one replicate of station 6 (October). Station 12 and 6 outliers may be a not 
well representative replicate (sampling error) or may indicate high patchiness at small scale 
at these stations (station 12 was near the working area of the new Escombreras jetties). 
Station 8 outliers were due to the very low abundance and their impoverished fauna. This 
station was located in front of the Fertilizers Jetty where the content of heavy metals in the 
sediments was high. Station SR was located near a watercourse discharge inside Cartagena 
harbour; this sediment sample was comprised by rubbish with very little sediment, and the 
fauna was living mainly among newspapers and other kind of wastes. Moreover, Capitella 
sp. comprised the 82,7% of the total abundance at station SR. 
From the cluster dendrogram, it was no possible to observe any clear seasonal patterns at 
some stations. Group A, B and C contain some stations taken in all seasonal surveys 
(stations 1, 2, 4, 6, 7, 9, 11, 3, 19 and 23), whereas the rest of the stations were included in 
more than one group (12, 15, 17, 22, 24 and 25). Therefore, polychaete assemblages in 
Cartagena harbour mainly were due to their location (depth) and spatial distribution (inner 
and outer harbour). 
The MDS plot shows three consistent assemblages (group A, B and C) like cluster analysis. 
However, the other four groups (D,E, F and G) were mixed and there is no clear pattern of 
spatial separation between them. One replicate of station 12 in October (12´o) was not used 
to perform the MDS plot as it separated too much from the rest of the stations, and also was 
not used in the subsequent statistical analyses (Figure 64). 
















































































Figure 64. 2-D MDS plot based on station data of polychaetes (8, SR and 6´´ stations were considered outliers) 
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SIMPER analysis revealed that several species were important (more than 5% contribution) 
in characterizing cluster groups (Table 31): 
Table 31. Species contributing more than 5% to similarity within polychaeta assemblages 
 




















Amphicorina sp.1 < 5 5,35 < 5 8,35 < 5 10,11 
Aphelochaeta sp. 13,43 9,92 < 5 < 5 < 5 < 5 
A. bilineata < 5 < 5 < 5 8,01 6,35 14,73 
B. viola < 5 < 5 < 5 < 5 42,19 < 5 
Chaetozone sp. 1 16,20 < 5 < 5 < 5 < 5 < 5 
C. dunerificta < 5 < 5 < 5 20,91 < 5 8,32 
Cirriformia sp. 5,02 < 5 < 5 < 5 < 5 < 5 
Euchone sp. < 5 < 5 5,47 8,35 < 5 10,11 
E. vittata < 5 6,12 < 5 < 5 < 5 < 5 
Gallardoneris sp < 5 < 5 < 5 9,30 < 5 < 5 
Lumbrineris sp. < 5 < 5 17,18 < 5 < 5 5,02 
M. minuta < 5 < 5 16,79 < 5 < 5 < 5 
Mediomastus sp. < 5 < 5 < 5 < 5 < 5 8,03 
M. heterochaeta 55,63 32,89 7,31 < 5 11,02 < 5 
N. unicornis < 5 < 5 < 5 7,56 < 5 < 5 
Notomastus sp. < 5 < 5 < 5 < 5 9,41 < 5 
P. paradoxa < 5 < 5 8,87 < 5 < 5 11,42 
P. clymenoides < 5 < 5 5,26 < 5 < 5 < 5 
P. fallax < 5 10,22 7,01 < 5 < 5 < 5 
P. deltaicus < 5 5,42 < 5 < 5 5,33 < 5 
Spionidae indet. < 5 < 5 < 5 10,26 < 5 < 5 
Terebellides cf. stroemi < 5 < 5 < 5 8,35 < 5 < 5 
 
Following cluster, MDS and SIMPER analyses, a Correspondence Analysis (CA) was 
performed in order to determine the presence of major species-groups related to station 
groups. Firstly, only 33 species, which were dominant or/and frequent in Cartagena harbour, 
were included in the CA. 
The CA plot of 33 species clearly reveals the presence of four outliers, stations SR in 
February, 12 in June, and the three October replicates of 17, which are due to the high 
abundance of B. viola at stations 12 (June) and 17 (October), and Capitella sp. at SR (Figure 
65). 
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Figure 65. First Correspondence Analysis (CA) plot of 33 selected species 
(D=B.viola; X=Notomastus sp., J=Cirriformia sp. and E=Capitella sp) 
CA was perfomed again without these outlier stations (12j, 17o and SRf), and station 8 in 
December which was also not included since selected species for the CA were not found in 
this station. In addition, species very poorly represented in the first CA plot were eliminated. 
Finally, 18 species and 75 sampling stations were included (Figure 66). 
The first axis accounted for 22,1% and the second for 18% of the total inertia of the CA plot. 
The species which more contributed to inertia of first axe were, from more to less 
contribution, M. minuta, Lumbrineris sp, Euchone sp., P. paradoxa, M. heterochaeta and P. 
paucibranchiata. The species which more contributed to second axe inertia were P. 
paucibranchiata and M. heterochaeta. According to the plot quality values obtained for each 
species, P. deltaicus, P. fallax and S. solitarius were not well represented by this CA plot, so, 
therefore, the results of these species should be interpreted with care. 
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Figure 66. Second Correspondence Analysis (CA) plot of the 75 stations and 18 polychaete species (a), and without stations (b) 
Group I, red circle; Group II, orange circle; Group III, green circle Species codes: A=Amphicorina sp. 1; B=Aphelochaeta sp.; C=Chaetozone sp. 1; D=C. dunerificta; E=Cirriformia sp.; F=C. furcatus; 
G=Euchone sp.; H=E. vittata; I=G. oculata; J= Gallardoneris sp.; L=P. deltaicus; M=Lumbrineris sp.; N=M. minuta; P=M. heterochaeta; Q=P. paradoxa; R=P. fallax; S=P. paucibranchiata; T=S. 
solitarius. 
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Thus, CA plot (Figure 66) reveals four distinct groups of species reflecting a moderate affinity 
with the major station-groups determined by the cluster analysis (Figure 63): 
a. Group I (red circle) was comprised by stations 1, 2 and 4 stations of all surveys 
(except 1 in February), station 9 (June and October with three replicates) and station 
11 (December). This group was comprised by five polychaete species: Cirriformia sp, 
Aphelochaeta sp., Chaetozone sp. 1, C. furcatus and M. heterocheta. Cirriformia sp. 
characterised stations 1, 2 and 4 as this species was abundant in Cartagena basin, 
and all Cartagena basin stations are together in the upper area of this group. 
b. Group II (orange circle) was comprised by the rest of Escombreras stations (9 and 11), 
stations 6, 7 and 14 (except 6d, 6f and 7f) and station 12 (February and two replicates 
of October). Eight polychaete species characterised this group: P. fallax, P. deltaicus, 
E. vittata, Amphicorina sp. 1, G. oculata, S. solitarius, C. dunerificta y Gallardoneris sp.  
c. Group III (green circle) included stations with more than 30 m depth, except station 15 
(February). This group was characterised by four species: Lumbrineris sp., M. minuta, 
Euchone sp., P. paradoxa. 
d. P. paucibranchiata (purple circle) characterised three stations (1f, 6f and 8f). This 
species was the most abundant species at these stations (68,7%, 45,2 % and 50 % 
respectively). 
A cluster analysis with the same species and stations as the second CA plot was performed 
in order to compare the species-group obtained in the former with the species-group of CA, 
and they were very similar (Figure 67). 
The three species-groups obtained by the cluster analysis contain roughly the same species, 
with the exception of P. paucibranchiata and P. fallax, and two species (Cirriformia sp. and S. 
solitarius) were not in any of these group. Thus, it seems to be a consistent agreement 
between second CA plot and dendrogram of species-groups. 
 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 67. Dendrogram based on cluster analysis showing the classification of species. I, II and III are species-group. 
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To conclude, the above multivariate analyses revealed the presence of four main polychaete 
assemblages in Cartagena harbour, distributed according to depth as well as to the proximity to 
the basins or the coast. SIMPER analysis was also performed between these final assemblages 
to find the most characteristic species (Figure 68, Table 32): 
• Assemblage 1 was comprised by 2 and 4 stations inside Cartagena basin. 
• Assemblage 2 was comprised by stations 1, 6, 7 and 14 inside and at the mouth of 
Cartagena basin, and 9 and 11 stations inside Escombreras basin. 
• Assemblage 3 was comprised by 15, 17 and 12 stations outside the basins which were 
grouped in different cluster, MDS and CA groups depending on the sampling period, or 
they were not grouped at all. 
• Assemblage 4 was comprised by stations 10, 22, 23, 24, 25, 19, 3 and REF located in 
the outer harbour. 
• Not grouped stations: stations SR and 8. 
 
Figure 68. Polychaete assemblages in Cartagena harbour 
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(1, 6, 7, 9, 11, 14) 
Assemblage 3 
(12, 15, 17) 
Assemblage 4 
(3, 10, 19, 22, 23, 
24, 25, REF) 
Mean depth (m) 13,0 16,3 27,0 38,4 
Characteristic 












P. fallax (10,23%) 
Aphelochaeta sp. 
(7,73%) 
E. vittata (7,43%) 
P. deltaicus (6,23%) 
Amphicorina 
sp.1(6%) 
A. bilineata (9,77%) 
P. deltaicus (8,01%) 
C. dunerificta 
(7,53%) 







M. minuta (10,11%) 









N (ind) 988 4739 766 1140 
S 28 92 84 87 
Density (ind·m-2) 3293,3 6770,0 2056,0 2280,0 
Diversity (H´) 1,34 2,35 2,53 2,88 
Diversity (exp H´) 4,06 11,74 13,41 18,03 
Diversity (1/D) 2,83 7,76 9,71 14,14 
C:N ratio 53,67 74,88 79,57 62,33 
Ba (mg/kg) 180,17 120,13 127,43 193,53 
Co (mg/kg) 10,58 10,07 11,73 17,60 
Cr (mg/kg) 66,50 45,25 39,29 61,80 
Cu (mg/kg) 311,67 130,81 104,57 66,67 
Li (mg/kg) 26,67 19,38 19,86 26,73 
Ni (mg/kg) 16,33 11,90 13,61 19,67 
Zn (mg/kg) 2430,50 784,44 393,14 397,47 
Zr (mg/kg) 32,00 23,69 23,86 30,40 
PLI 1,71 1,03 0,97 1,21 
% Sensitivity 
species 1,2 17,9 64,2 42,6 
% Indiferent species 11,5 16,6 16,1 16,2 
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Table 32 provides a comparison of environmental and biological variables among these four 
assemblages: 
• Assemblage 1 has low value in diversity indices.The most abundant species were M. 
heterochaeta (1563,3 ind·m-2), Chaetozone sp. 1 (463,3 ind·m-2) and Aphelochaeta sp. 
(403,3 ind·m-2), which are considered as opportunistic species. These species were less 
abundant at stations of assemblage 2, and absent or rare at the external stations of 
assemblages 3 and 4. This assemblage was located in the most contaminated stations of 
Cartagena harbour. 
• Assemblage 2 was characterized by a few opportunistic species such as M. heterochaeta, 
Aphelochaeta sp., which were less abundant than in assemblage 1; and P. fallax and P. 
deltaicus, which are considered as indicators of environmental instability. The species 
richness and density were higher than the other assemblages, and diversity value were 
moderate. Assemblage 2 also included characteristic species common to both adjacent 
assemblages (1 and 3) as E. vittata, P. deltaicus and Amphicorina sp.1. 
• Assemblage 3 has the lowest values of abundance, species richness and density, and 
less abundance of opportunistic species. The most abundant species were A. bilineata, P. 
deltaicus, C. dunerificta and E. vittata; only the second one is considered as a 
contaminant tolerant species. 
• Assemblage 4 has considerably higher species richness and diversity values, and 
moderate density values. M. minuta, P. paradoxa, Lumbrineris sp. and Euchone sp. were 
the most characteristic species of this assemblage, which are considered as contaminant 
sensitive species. A notable characteristic of two dominant species in this assemblage, M. 
minuta and P. paradoxa, was that these species were only found at external stations, not 
inside the basins. 
Regard to sediment variables, copper and zinc levels in sediments drop from assemblage 1 to 
assemblage 4. Copper and zinc levels were higher than Action Level 1 of Spanish 
Recommendations of dredged material (CEDEX, 2001) at assemblages 1, 2 and 3 for copper, 
and assemblages 1 and 2 for zinc. Furthermore, PLI value was higher at stations of 
assemblage 1 and lowest at stations of assemblage 3. With respect to C:N ratio, the highest 
values were recorded at stations of assemblages 3 and 2. Stations of assemblages 1 and 2, 
especially inside the harbour, had more mud content than the other assemblages. 
Percentage of tolerant species was higher in assemblage 1, followed by assemblage 2, 4 and 
3. In contrast, percentages of sensitivity species were higher in assemblage 3 and lower in 
assemblage 2 and 1. Moreover, percentage of tolerant species was similar to percentage of 
sensitivity species in assemblage 4. 
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As it explained above, stations SR and 8 were not grouped in any assemblage due to the 
dominance of one polychaete species (Capitella sp.) or due to the impoverished conditions, 
respectively. Station 8 was faunal impoverished with few species and individuals present: 3 
species (Chone sp. 1, G. unicornis, N. kersivalensis) and 3 individuals in December; 7 
species (P. paucibranchiata, which was the most abundant, Amphicorina sp. 1, Euchone sp., 
E. naidina, P. deltaicus, M. heterochaeta, P. fallax) and 16 individuals in February; and 3 
species (Amphicorina sp. 1, S. decoratus and P. pulchra) and 3 individuals in June. It was not 
taken any sample at this station in October. 
6.3.4. LINKING POLYCHAETE ASSEMBLAGES ANALYSIS TO ENVIRONMENTAL 
VARIABLES 
The BIO-ENV procedure was performed to examine how well the obtained information on 
environmental variables matches with the biotic data (Clarke & Warwich, 1994). BIOENV 
showed that the best relationships between measured environmental variables and 
polychaeta species on a plot-by-plot basis occurred when the matrix of variables contained 
only (i) depth, sediment concentrations of Cu, Ni and Zn (BIOENV procedure Spearman 
correlation, ρω= 0,636) or (ii) depth, Cd concentration in water and sediment concentrations of 
Cu, Ni and Zn (BIOENV procedure Spearman correlation, ρω= 0,628). Therefore, 
combinations of depth and heavy metals (water and sediment) were the best sets of 
measured variables that explained polychaete assemblage patterns in Cartagena harbour 
(Table 33). 
Table 33. Best relationships between habitat variables and polychaete species.  
Bold type indicates the best combination overall. S= values in sediment. H2O= values in water at bottom 
Number of variables 
(k) 
ρω (rank correlation) Best variable combinations 
4 0,636 Depth, CuS, NiS, ZnS 
5 0,628 Depth, Cd H2O, CuS, NiS, ZnS 
3 0,625 Depth, CuS, NiS 
3 0,624 Depth, NiS, ZnS 
5 0,617 Depth, PbH2O, CuS, NiS, ZnS 
6 0,617 Depth, Cd H2O, PbH2O, CuS, NiS, ZnS 
6 0,611 Depth, Cd H2O, C:N, CuS, NiS, ZnS 
Cu levels in sediment have aproximately similar mean value inside Cartagena and 
Escombreras basins, whereas Cu values at the external stations were lower. The highest Cu 
level was found at 8 station (722 mg/kg in June and 605 in February) inside Escombreras 
basin. Zn levels in sediments of Cartagena basin were higher than Escombreras basin. The 
highest values were found inside Cartagena (4305 mg/kg at 4 station in June) and at station 8 
inside Escombreras basin (2135 mg/kg in February and 3823 mg/kg in June) (Figure 69). 




























Figure 69. Box-and-whisker plots showing distribution of Cu and Zn values in sediments within Cartagena 
and Escombreras basin and in the outer harbour 
Ni levels in sediments were higher at outer stations (22, 24, 25 and 3 stations). And, finally, 
Cd levels in water were higher inside Cartagena basin, and the highest levels were also 
recorded inside Cartagena basin (15,70 µg·l-1 in December and 10,77 µg·l-1 in February at 

























Figure 70. Box-and-whisker plots showing distribution of Ni values in sediments and Cd values in water at 
bottom within Cartagena and Escombreras basin and in the outer harbour 
Following BIOENV analysis, canonical correspondence analysis (CCA) was used to display 
the relationship between physico-chemical parameters and some of the most abundant 
polychaete species. In addition, CCA can also help us to discover the preferences of these 
species. 
Polychaete species (18 sp.) and sampling stations (without December sampling period as 
heavy metals and C:N values in sediment has not been measured in this period) selected for 
performing the second CA analysis (see Figure 66) have been used for CCA. Depth, C:N ratio 
and PLI have been selected since they seem to be important in explaining the polychaete 
assemblages in Cartagena harbour. 
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Prior to analysis, log transformations (ln(x+1)) were applied to the environmental data to 
eliminate the effect of different measure scales and to reduce the influence of high values. 
The results of CCA are shown in Figure 71: 


























































































































Figure 71. Ordination biplot obtained from Canonical Correspondence Analysis of environmental variables 
and some dominant species 
Species codes: A=Amphicorina sp. 1; B=Aphelochaeta sp.; C=Chaetozone sp. 1; D=C. dunerificta; E=Cirriformia sp.; 
F=C. furcatus; G=Euchone sp.; H=E. vittata; I=G. oculata; J= Gallardoneris sp.; L=P. deltaicus; M=Lumbrineris sp.; N=M. 
minuta; P=M. heterochaeta; Q=P. paradoxa; R=P. fallax; S=P. paucibranchiata; T=S. solitarius. f= February; j= June 
and o= October. 
CCA clearly distinguished deep samples, which are close to the depth axis and are located in 
the left of the display, from shallow samples, which are located in the right of the display. 
Regarding the shallow stations, it can also be observed a gradient among stations with high 
PLI, mainly located in Cartagena basin, to stations with high C:N ratio, mainly located in 
Escombreras basin. 
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As it is shown above (see Chapter 6), C:N ratio and PLI were negativately correlated. This 
gradient shows that stations 8, 2, 4 and 6 from different sampling period seem to be the most 
contaminated stations (high PLI value, high concentration of heavy metals). On the contrary, 
stations 11, 14, 15 and 9 seem to have a high C:N ratio, and therefore, less labile organic 
matter. 
Thus CCA shows that stations inside Cartagena (2 and 4) are different from stations inside 
Escombreras basin (9 and 11), since they have different values of heavy metals (PLI index) 
and C:N ratios (quality of organic matter). Figure 72 illustrates these differences between 























Figure 72. Box-and-whisker plots showing distribution of PLI and C:N ratio values within Cartagena and 
Escombreras basins and in the outer harbour 
Furthermore, CCA shows that the species groups formed (I, II and III) were similar to the ones 
found in CA analysis, except for P. paucibranchiata (S in Figure 71) that join with group I, and 
for C. furcatus (F in Figure 71) which seems to be between groups I and II, and not clearly join 
to any of them. It seems that these three group firstly separated by depth (from shallower to 
deeper species), and then, groups I and II separated by differences in C:N ratio and heavy 
metal contents (PLI). Chaetozone sp. 1 (C in Figure 71) and Cirriformia sp. (E in Figure 71) 
seem to be species that prefers high heavy metal concentration sediments, whereas C. 
dunerificta (D in Figure 71) seems to prefer living in sediments with high C:N ratio. On the 
other hand, Euchone sp., Lumbrineris sp., M. minuta and P. paradoxa were more abundant in 
deeper stations, and, as they were located very close to the depth axis in CCA, they seem not 
to prefer either high heavy metal concentrations or high C:N ratios. 
6.3.4.1. Relationships among defined ecological groups (AMBI and BENTHIX), diversity 
indices and environmental variables 
Spearman’s rank correlation analysis between the mean scores of community parameters 
and the environmental variables indicated that any of the AMBI and BENTHIX ecological 
groups of polychaetes correlated with C:N ratio and Ni concentration in sediments (Table 34). 
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Regarding the ecological groups defined by AMBI checklist, GI and GII were positively 
correlated with depth and diversity indices, and negatively with PLI, Cu and Zn concentrations 
in sediment; GIII was positively correlated with diversity indices and negatively with PLI; GIV 
were positively correlated with PLI, Cu and Zn and negatively with depth and diversity indices; 
and GV only was positively correlated with Cu (Table 34). 
Table 34. Spearman correlation coefficients among biological and environmental parameters  








C:N ratio PLI H´ Exp H´ 1/D 
AMBI 
GI 0,593** -0,531** -0,583** 0,152 -0,089 -0,327* 0,802** 0,799** 0,744** 
GII 0,439** -0,556** -0,634** 0,022 0,185 -0,514** 0,808** 0,806** 0,709** 
GIII 0,018 -0,201 -0,233 -0,041 0,075 -0,308* 0,430** 0,431** 0,277* 
GIV -0,704** 0,379** 0,384** -0,153 -0,257 0,138 -0,370** -0,367** -0,526** 
GV -0,170 0,292* 0,202 -0,78 0,182 -0,009 0,036 0,036 -0,055 
BENTHIX 
GI 0,495** -0,476** -0,582** 0,035 0,072 -0,450** 0,777** 0,777** 0,679** 
GII -0,635** 0,333* 0,320* -0,70 -0,178 0,074 -0,248 -0,245 -0,397** 
GIII -0,043 -0,163 -0,132 0,077 -0,115 -0,020 0,298* 0,300* 0,246 
 
On the other hand, GI ecological group defined by BENTHIX checklist was positively 
correlated with depth and diversity indices and negatively with Cu, Zn and PLI, whereas GII 
was positively correlated with Cu and Zn and negatively with depth and diversity. GIII was 
only positively correlated with two diversity indices (H´ and Exp H´) (Table 34). 
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6.3.5. DISTRIBUTION OF CONSTANT AND COMMON POLYCHAETE SPECIES 
ABUNDANCE 
Analyses of constant and common polychaete species (30 species in total) were performed in 
order to explain their distributions and patterns of abundance. Seasonal abundance (ind·m-2) 
graphics, distribution maps of each species (see Appendix VII for species distribution maps), 
and Spearman correlations between species and some environmental variables were used for 
this purpose. Following the results of BIOENV and CCA analyses, depth, heavy metals in 
sediments (Cu, Ni, Zn), C:N ratio and PLI (Pollution Load Index) were selected as the most 
important environmental variables that may influence polychaete populations. However, this is 
not an exhaustive population analysis since biological communities may be affected not only 
by physical factors and antropogenic stress, but by biological factors such as species 
interactions (e.g predation and competition for space). 
In practice, the abundances of the different polychaete species can be related: some species 
might live in symbiosis where they mutually profit from each other, and therefore their 
abundances might be expected to correlate positively. On the other hand, abundance of 
species which might be predators or preys can correlate negatively. And, finally, others might 
be indifferent with respect to each other (Graffelman, 2000) 
Scatterplot matrix and Spearman correlations were performed between the 10 most abundant 
polychaete species: Amphicorina sp. 1, Aphelochaeta sp., Chaetozone sp. 1, Euchone sp., E. 
vittata, P. deltaicus, Lumbrineris sp., M. heterochaeta, P. fallax and P. paucibranchiata 
(Figure 73). 
Correlations were strong and positive among Aphelochaeta sp., Chaetozone sp. 1 and M. 
heterochaeta, among Aphelochaeta sp., P. paucibranchiata and M. heterochaeta; and, finally, 
between P. paucibranchia and P. fallax. In contrast, correlations were weak but positive 
between Amphicorina sp. 1 and other five species (Euchone sp., E. vittata, P. deltaicus, P. 
fallax and P. paucibranchiata), between Euchone sp. and two species (Lumbrineris sp. and E. 
vittata), between M. heterochaeta and other two species (P. deltaicus and P. fallax). In 
addition, Chaetozone sp. 1 correlated weak but negative with Euchone sp. and E. vittata 
(Figure 73). 
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Figure 73. Scatterplot matrix of 10 species (dominance > 2%) with Spearman´s rho correlation 
coefficients. ** Correlation is significant at the 0,01 level (2-tailed); * Correlation is significant at the 0,05 level (2-
tailed). 
The constant and common polychaete species in Cartagena harbour showed distribution 
patterns that could be classified into the following categories: 
1) Constant species more abundant in the inner harbour: Monticellina heterochaeta, 
Aphelochaeta sp. and Prionospio fallax. 
2) Constant species less abundant in the inner harbour: Amphicorina sp. 1, Eunice vittata, 
Lumbrineris sp. and Mediomastus sp. 
3) Common species more abundant in the inner harbour: Chaetozone sp. 1, Chaetozone 
gibber, Cirrophorus furcatus and Heteromastus filiformis. 
4) Common species more abundant in Escombreras basin and the outer harbour: 
Galathowenia oculata, Glycera unicornis, Owenia fusiformis, Pista cf. unibranchia and 
Pseudomastus deltaicus 
5) Common species less abundant in the inner harbour: Aponuphis bilineata, Chone 
dunerificta, Euchone sp., Gallardoneris sp., Nematonereis unicornis and Notomastus 
sp. 
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6) Common species present only in the outer harbour: Magelona minuta and 
Paralacydonia paradoxa. 
7) Common species only very abundant at few stations at the inner and outer harbour: 
Spiochaetopterus solitarius, Pseudopolydora paucibranchiata and Mycronephtys 
maryae 
8) Rare species which are only very abundant at few stations and absent elsewhere: 
Bispira viola, Capitella sp. and Cirriformia sp. 
6.3.5.1. CONSTANT SPECIES MORE ABUNDANT IN THE INNER STATIONS 
The highest density values of Monticellina heterochaeta and Aphelochaeta sp. were found at 
Cartagena stations, and at the external stations near to the mouth of this basin (stations 6 and 
7). On the contrary, Prionospio fallax was more abundant at stations 9 and 11 inside 
Escombreras, followed by stations 1 and 6 near the mouth of Cartagena basin. These three 
species are classified as surface deposit feeders (SDT). 
M. heterochaeta and Aphelochaeta sp. were negatively correlated with depth (ρ= -0,415, p= 
0,01; ρ= -0,539, p= 0,01, respectively). M. heterochaeta was weakly positive correlated with 
Hg in sediment (ρ= 0,666, p= 0,05) and negatively with C:N ratio in sediment (ρ= -0,365, p= 
0,05. Aphelochaeta sp. was weakly positive correlated with Zn in sediment (ρ= 0,302, p= 
0,05). P. fallax was found to have a weak positive correlation with dissolved oxygen (ρ= 
0,314, p= 0,05) in water at bottom, and was not correlated with depth and Cu, Ni and Zn in 
sediment. 
M. heterochaeta average density was 981,7 ind·m-2, and reached a maximum of 7600 ind·m-2 
at station 1 in October. The highest abundance inside Cartagena basin occurred at station 1 
in all sampling periods, except in December. Its abundance increased from December to 
February at station 6 and decreased later. The lowest densities of this species were recorded 
at the external stations, except stations 6, 7 and 14, which were near to the mouth of 
Cartagena basin. M. heterochaeta was also abundant, but less than at stations 6, 7 and 14, at 
stations 3 and 10 which were situated near “Algameca Chica” watercourse discharge (Figure 
74, Map A.VII.1 Appendix VII). 






























Figure 74. Abundance (ind·m-2) of M. heterochaeta in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
M. heterochaeta was found at 81,5 % of sampling stations in the inner and the outer 
Cartagena harbour from 6 to 51 m depth. Therefore, since this species were encountered 
within a wide range of depth, and this species is negatively correlated with depth, M. 
heterochaeta seem to prefer living inside Cartagena basin or near the mouth of this basin. 
M. heterochaeta is considered an opportunistic species (Borja et al., 2000; Simboura & 
Zenetos, 2002). M. heterochaeta reached high densities at stations having high TOC values 
in the Sea of Marmara (Turkey) (Albayrak et al., 2006). Other species, M. dorsobranchialis, 
increased in La Coruña harbour two years later the Aegean Sea oil spill. This species was not 
found there before the oil spill, and two years later, it reached a maximum of 1189 ind·m-2 
(Parra, 2007). 
Like M heterochaeta, abundance of Aphelochaeta sp. (average: 255,3 ind·m-2) also reached 
high density values at station 1 in October (1570 ind·m-2), following by station 6 in February 
(1200 ind·m-2). Since these two species were strongly correlated between each other (Figure 
73), they showed a similar pattern of abundance: highest density at station 1 in October, high 
abundance inside Cartagena basin and low in the outer. Aphelochaeta sp. was also abundant 
at the external stations 3 and 10 (320 ind·m-2 in February and 200 ind·m-2 in June, 
respectively), which were located near the discharge of “Algameca Chica” watercourse. This 
watercourse normally only discharge rainwater but in some occasions sewage waste 
discharges of unknown origin have been observed (Cartagena Port Authority, pers. comm.). 
Furthemore, we have found solid waste materials in some samples taken at station 3. (Figure 
75, Map A.VII.2 Appendix VII). 
































Figure 75. Abundance (ind·m-2) of Aphelochaeta sp. in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Species of the genus Aphelochaeta are considered as a opportunistic species (Borja et al., 
2000). Some species of this genus have been found in high numbers in harbours (see Appendix 
V), and in other heavily polluted areas as sewage outfall (Conlan et al., 2004). A. marioni 
(studied as Tharyx marioni) is present in sediments with copper concentrations above 200 
mg/kg (Rygg, 1985). 
Like M. heterochaeta and Aphelochaeta sp., P. fallax (average: 256,3 ind·m-2) reached the 
highest abundance (1253 ind·m-2) at station 1 in October, followed by stations 9 and 11 in 
February (880 ind·m-2 both). Moreover, a peak of abundance (320 ind·m-2) was also recorded at 





























Figure 76. Abundance (ind·m-2) of P. fallax  in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
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High abundances of P. fallax (considered as second order opportunistic species) have been 
frequently related to moderately stressed conditions and organic enrichment (Cardell et al., 
1999; Hiscock et al., 2005). P. malmgreni have been classified as a moderately tolerant 
species, present at some of the stations with sediment copper concentrations above 200 ppm 
(Rygg, 1985). 
6.3.5.2. CONSTANT SPECIES LESS ABUNDANT IN THE INNER HARBOUR 
The highest density values of Amphicorina sp. 1, Eunice vittata, Lumbrineris sp. and 
Mediomastus sp. were found in the outer harbour in February and June. These four species 
were less abundant (or absent) in Cartagena than in Escombreras basin. The lowest values of 
density for the four species were found in October. These species have different feeding 
mode: Amphicorina sp. 1 is considered as a filter feeder species (FST), E. vittata as a 
omnivore species, Lumbrineris sp. as a carnivore or omnivore species (CMJ), and 
Mediomastus sp. as a subsurface deposit feeder species (BMX). Amphicorina sp. 1 and 
Mediomastus sp. were not correlated with heavy metals in sediment (Cu, Ni and Zn). In 
contrast, E. vittata and Lumbrineris sp. were moderately negative correlated with Cu (ρ= -
0,454, p= 0,01; ρ= -0,498, p= 0,01, respectively) and Zn in sediment (ρ= -0,539, p= 0,01; ρ= -
0,433, p= 0,01, respectively). 
The maximum density of Amphicorina sp. 1 (average: 99,3 ind·m-2) was encountered at 
station 7 (1000 ind·m-2) in June, followed by station 6 (960 ind·m-2) also in June. This species 
was more abundant inside Escombreras basin than inside Cartagena. Any species of the 
genus Amphicorina have been classified into AMBI ecological groups (Borja et al., 2000), and 




























Figure 77. Abundance (ind·m-2) of Amphicorina sp. 1 in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
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E. vittata (average density: 87,4 ind·m-2) occurred in high abundance at the external stations 
17 in June (440 ind·m-2), 12 in February (320 ind·m-2) and at the internal stations 1 in October 
(306,7 ind·m-2) and 11 in June (280 ind·m-2). This species was more abundant inside 
Escombreras basin and at stations near to the mouth of this basin (stations 17 and 12). The 
lowest densities were recorded in Cartagena basin (stations 2 and 4) and at the deeper 



























Figure 78. Abundance (ind·m-2) of E. vittata  in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Eunice vittata is considered as a indifferent to pollution species (Borja et al., 2000) or as a 
tolerant species (Simboura & Zenetos, 2002). In Cartagena harbour, this species was 
correlated negatively with Cu and Zn in sediments, and it was less abundant at stations 2, 4 
and 8 where the highest levels of these heavy metals were recorded. 
Lumbrineris sp. abundance (average: 76,0 ind·m-2) reached the highest values in the outer 
harbour, particularly at the stations near to “Algameca Chica” and “Algameca Grande” 
(stations 19, 10, 3 and 22). This species correlated positively with depth (ρ= 0,352, p= 0,01), 
so it seems to prefer living in deeper external stations (Figure 79, Map A.VII.6 Appendix VII). 
Individuals of the genus Lumbrineris appeared to be sensitive to heavy metals (Rygg, 1985; 
Hiscock et al., 2005;) or indifferent to pollution (Gray et al., 1990; Borja et al., 2000). For 
instance, highest abundances (> 2400 ind·m-2) of Lumbrineris sp. were recorded in relatively 
“clean” areas of Amursky Bay (Rusia), while low density was detected in high polluted areas 
(Belan, 2003). In Cartagena harbour, Lumbrineris sp. was moderately negative correlated with 
heavy metals in sediments (Cu and Zn). 
 





























Figure 79. Abundance (ind·m-2) of Lumbrineris sp. in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
The highest densities of Mediomastus sp. (average: 54,3 ind·m-2) were recorded at stations 7, 
14 and 12 in February (440 ind·m-2, 240 ind·m-2 and 280 ind·m-2 respectively) and at station 17 
in June (240 ind·m-2). All these stations were located in the mouth of Cartagena and 
Escombreras basins. The abundance of this species was lower at the deeper external 



























Figure 80. Abundance (ind·m-2) of Mediomastus sp. in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Mediomastus sp. is a tolerant species to pollution (Borja et al., 2000). One species of this 
genus (Mediomastus sp.) was found at the mouth of the Mar del Plata harbour (Argentina) 
with healthy environmental conditions (Rivero et al., 2005). 
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Parra (2007) considered M. fragilis as a sensitive species due to its low abundance after 
“Aegean Sea” oil spill and its high abundances several years after this spill. However, this 
species was favoured after another oil spill (Amono Cadiz) (Parra, 2007). Mediomastus sp. 
abundance not correlated with heavy metals levels (Cu, Ni and Zn) in Cartagena harbour, and 
was more abundant in the outer. 
6.3.5.3. COMMON SPECIES MORE ABUNDANT IN THE INNER HARBOUR 
Chaetozone sp. 1, Chaetozone gibber, Cirrophorus furcatus and Heteromastus filiformis were 
more abundant inside Cartagena basin in October, and in the mouth of this basin (stations 6) 
in February and/or June (except H. filiformis). However, Chaetozone sp. 1 and C. gibber were 
more abundant at station 2, and C. furcatus and H. filiformis at station 1 inside Cartagena. 
Regarding feeding mode, Chaetozone sp. 1 and C. gibber are considered as surface deposit 
feeder (SDT), whereas C. furcatus (BMT) and H. filiformis (BMX) are considered as a 
subsurface deposit feeders. 
Chaetozone sp. 1, C. furcatus and H. filiformis were negatively correlated with depth (ρ= -
0,501, p= 0,01; ρ= -0,683, p= 0,01; ρ= - 0,311, p= 0,05, respectively). Chaetozone sp. 1 and 
C. furcatus were positively correlated with Zn level in sediment (ρ= 0,451, p= 0,01; ρ= 0,320, 
p= 0,05, respectively). In addition, Chaetozone sp. 1 was found to have a positive correlation 
with Cu (ρ= 0,375, p= 0,05), and a negative correlation with C:N ratio (ρ= -0,389, p= 0,01). C. 
gibber was also negatively correlated with C:N ratio (ρ= -0,394, p= 0,01). Chaetozone sp. 1 
and C. gibber correlated positively with each other (ρ= 0,438, p= 0,01). C. furcatus was also 
strongly and moderately correlated with Aphelochaeta sp. and M. heterochaeta (ρ= 0,522, p= 
0,01; ρ= 0,365, p= 0,01, respectively). 
The highest densities of Chaetozone sp. 1 (average: 124,4 ind·m-2) were found inside 
Cartagena basin in October particularly at station 2 (853,3 ind·m-2). This species reached also 
high abundance at station 4 and 6 in February (560 ind·m-2 both stations). Low densities were 
recorded inside Escombreras and at the external stations, except station 6 in February and 7 
in June (Figure 81, Map A.VII.8 Appendix VII). 
Chaetozone sp. 1 positively correlated with heavy metals (Cu and Zn) in Cartagena harbour, 
and were more abundant at stations with high concentration of these metals (stations 2 and 
4). The genus Chaetozone is considered as a second order opportunistic species which is 
favoured by organic enriched sediments and hydrocarbons (Holthe, 1998; Borja et al., 2000; 
Hiscock et al., 2005). This genus was also regarded as tolerant to physical disturbance in 
Norwegian waters (Holthe, 1998). C. setosa abundance was significantly negative correlated 
to increased sediment Cu-content at 63 m depth in the Oslofjord (Norway) in a field 
experiments studying colonisation patterns of contaminated sediments, and there was an 
obvious reduction in abundance at about 2000 mg/kg Cu (Olsgard, 1999). 

































Figure 81. Abundance (ind·m-2) of Chaetozone sp. 1 in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Generally, C. gibber (average density: 31,6 ind·m-2) was more abundant inside Cartagena 
basin. However, this species reached the maximum density value at station 7 in June (280 
ind·m-2), followed by station 2 in October (200 ind·m-2). C. gibber  had an abundance between 





























Figure 82. Abundance (ind·m-2) of C. gibber in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
C. gibber is classified as second order opportunistic species by AMBI ecological group list 
(Borja et al., 2000). C. gibber was found to behave as opportunistic species to hydrocarbon 
content in sediment at sandy stations, but also as sensitive species at muddy stations after 
the Aegean Sea oil spill (Parra, 2007). 
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Highest abundance of C. furcatus (average: 155,6 ind·m-2) occurred at station 1 inside 
Cartagena basin in all sampling periods (2186 ind·m-2 in October; 1720 in December; 600 in 
February), except in June when the maximum density was reached at station 6 (1240 ind·m-2). 
The abundance of this species was significantly lower at stations 2 and 4 in Cartagena basin, 
and it was very low or not present in Escombreras and outside the harbour (Figure 83, Map 

































Figure 83. Abundance (ind·m-2) of C. furcatus in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
C. furcatus is regarded as tolerant or opportunistic species (Castelli, 1985; Borja et al., 2000). 
In Portoferraio Bay (Italy), the density of this species reached the highest values at the 
internal stations of the bay, especially at the stations located in Portoferraio port, where this 
species was very abundant (Castelli, 1985). 
The highest abundances of H. filiformis (average: 17,8 ind·m-2) were recorded in Cartagena 
basin at stations 1 and 4 in October (173 and 53 ind·m-2, respectively). Moreover, density at 
station 12 in February was also high (80 ind·m-2) (Figure 84, Map A.VII.11 Appendix VII). 
H. filiformis is known as a highly tolerant and opportunistic species relative to a wide range of 
environmental conditions: organic enrichment (Pearson & Rosenberg, 1978), hypoxic and 
temporary anoxic sediments (Rosenberg & Nilsson, 2005), and it is among the first colonizers 
of areas disturbed by dredging or dumping activities (Witt et al., 2004). 
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Figure 84. Abundance (ind·m-2) of H. filiformis in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Regarding heavy metal tolerance, this species has been considered as tolerant to copper by 
some authors (Rygg, 1985; Ward & Hutchings, 1996) and as sensitive to copper by others 
(Trannum et al., 2004). This could be due to the different heavy metal concentration in 
sediments, or to the bioavailability of this metal in the areas. Furthermore, H. filiformis have 
been affected by Technical Chlordane (organochlorine pesticide) in a field experiment in 
Manakau harbour (New Zealand). This species may have been affected by this substance 
because it reworks sediments relatively quickly, and selectively feeds on fine sediment 
particles which at the study site held much of the Technical Chlordane residues (Pridmore et 
al., 1992). 
6.3.5.4. COMMON SPECIES MORE ABUNDANT IN ESCOMBRERAS BASIN AND THE 
OUTER HARBOUR 
Generally, Glycera unicornis, Owenia fusiformis, Pista cf. unibranchia and Galathowenia 
oculata were more abundant in Escombreras and in the outer in February and June. 
However, P. deltaicus highest densities were recorded in Escombreras in October (stations 9 
and 11). G. unicornis is regarded as carnivore (CMJ), Pista cf. unibranchia and G. oculata as 
a surface deposit feeders SST), and P. deltaicus as a subsurface deposit feeder (BMX). O. 
fusiformis is a surface-deposit feeder that alternates its feeding mechanisms in relation with 
the environmental conditions. When high planktonic inputs are produced and flow conditions 
change, O. fusiformis can behave as a filter feeder (Gambi, 1989). G. unicornis and P. 
deltaicus were not correlated with heavy metals in sediment (Cu, Ni and Zn) and neither with 
depth, C:N ratio or PLI. On the contrary, G. oculata, O. fusiformis and P. cf. unibranchia were 
negatively correlated with PLI (ρ= -0,388, p= 0,01; ρ= -0,449, p= 0,01, ρ= - 0,302, p= 0,05, 
respectively), and only O.fusiformis was negatively correlated with Ni (ρ= -0,356, p= 0,05). 
Furthermore, O. fusiformis and P. cf. unibranchia were positively correlated with C:N ratio (ρ= 
0,428, p= 0,01; ρ= 0,333, p= 0,05, respectively). 
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G. oculata (average density: 75,1 ind·m-2) was very abundant in the mouth of Cartagena basin 
in February and June at stations 7 (1080 ind·m-2 in June) and 14 (920 ind·m-2 in February and 
550 ind·m-2 in June). This species was more abundant in Escombreras than in Cartagena 




























Figure 85. Abundance (ind·m-2) of G. oculata in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
G. oculata is regarded as intolerant to petrogenic hydrocarbons (Blanchard et al., 2003), and 
as tolerant species to organic content in sediment (Borja et al., 2000). Negative associations 
were observed between the abundance values of G. oculata and total aromatics 
hydrocarbons near a oil outfall in Port Valdez (Alaska) (Blanchard et al., 2003). 
G. unicornis (average: 22,7 ind·m-2) occurred in high abundance at stations 9 and 6 in 
February (80 ind·m-2 and 120 ind·m-2, respectively), and at stations 19 and 24 in June (80 
ind·m-2 both). Inside Cartagena basin, the highest densities of this species were recorded at 
station 1 (Figure 86, Map A.IV.13 Appendix VII). 
G. unicornis is classified as indifferent species by some authors (Borja et al., 2000) and as 
tolerant species by others (Simboura & Zenetos, 2002). Other species of Glycera are 
considered as sensitive, indifferent or tolerant depending on type of contaminant and the area 
where they live. For instance, G. triadactyla behave as an opportunistic after oil spills (Parra, 
2007) but is indifferent to organic enrichment (Borja et al., 2000). In contrast, G. lapidum was 
less abundant after the Braer oil spill in the Shetland islands (Parra, 2007). 
Regard to heavy metals, Glycera americana, apparently can selectively exploit the metal 
contaminated conditions near a large lead-zinc smelter in Spencer Gulf, South Australia 
(Ward & Hutchings, 1996). 
 
Chapter 6. Results 
 135 
Other species ,Glycera alba, was significantly reduced in Cu treatment sediments in a 
manipulative field experiment in the inner Oslofjord (Norway) (Trannum et al., 2004). 
However, the same species seem to be indifferent or tolerant to high levels of Cu in the same 
area in previous studies (Rygg, 1985; Olsgard, 1999). In Cartagena harbour, G. unicornis was 




























Figure 86. Abundance (ind·m-2) of G. unicornis in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
O. fusiformis (average density: 25,2 ind·m-2) was very abundant near the mouths of Cartagena 
and Escombreras basin (stations 7, 14 and 17). Highest abundances occurred at station 14 in 
June (160 ind·m-2) and station 17 in February (160 ind·m-2). This species was not present in 
































Figure 87. Abundance (ind·m-2) of Owenia fusiformis in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
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Like G. unicornis, O. fusiformis is classified as indifferent or tolerant species by different 
authors (Borja et al., 2000; Simboura & Zenetos, 2002). The spatial distribution of O. 
fusiformis is influence by sediment particle size since it needs a high percentage of fine 
sediment to construct its tube (Pinedo et al., 2000). Therefore, it is a typical species of sandy 
sediments that can tolerate small amounts of mud and organic matter in the substrate. This 
species reached high densities close to sewage effluents and near river mouths (Pinedo et 
al., 2000; Elías et al., 2001; Ergen et al., 2006). In Blanes harbour, like in Cartagena harbour, 
O. fusiformis was more abundant at the mouth of the harbour where the frequency of changes 
on water flow is higher than in the inner harbour (Pinedo et al., 1997). 
P. deltaicus (average: 118,5 ind·m-2) reached the highest densities at stations 9 and 11 in 
October (600 ind·m-2 and 1146 ind·m-2, respectively). The density of this species inside 
Cartagena was very low compare with Escombreras and the external stations (Figure 88, Map 
A.VII.15 Appendix VII). P. deltaicus is considered as a first order opportunistic species (Borja 
et al., 2000). This species is one of the most abundant in Els Alfacs, a paralic environment in 
the catalan coast (Spain) (Capaccioni & Martin, 1992). It was also found in other 
Mediterranean harbours as, for example, Valencia port and San Carles marina (Tena et al., 




























Figure 88 Abundance (ind·m-2) of P. deltaicus in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Pista cf. unibranchia (average: 16,8 ind·m-2) was very abundant at stations 9 and 15 in 
February (120 and 160 ind·m-2, respectively) and at station 7 in June (120 ind·m-2). This 
species was not present in Cartagena basin and at station 8 inside Escombreras (Figure 89, 
Map A.VII.16 Appendix VII). P. cf. unibranchia have not been classified into AMBI ecological 
groups (Borja et al., 2000), and any ecological information about this species have been 
found. This species is regarded as an alien species in the Mediterranean Sea (Zenetos et al., 
2005). 



























Figure 89. Abundance (ind·m-2) of P. cf. unibranchia in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
6.3.5.5. COMMON SPECIES LESS ABUNDANT IN THE INNER HARBOUR 
Aponuphis bilineata, Chone dunerificta, Gallardoneris sp. and Notomastus sp. were more 
abundant at stations located near the coast. However, Notomastus sp. was highly abundant 
at stations near to the basins. In contrast, Euchone sp. and Nematonereis unicornis highest 
densities were recorded at stations far from the coast. Notomastus sp. is regarded as 
subsurface deposit feeder (BMX), C. dunerificta and Euchone sp. as filter feeders (FST), A. 
bilineata and N. unicornis as omnivores, and Gallardoneris sp. as carnivore (CMJ). 
Euchone sp., Gallardoneris sp. and N. unicornis were positively correlated with depth (ρ= 
0,520, p= 0,01; ρ= 0,298, p= 0,05 and ρ= 0,470, p= 0,01, respectively). A. bilineata was not 
correlated with any heavy metals in sediment. C. dunerificta (Zn ρ= - 0,322, p= 0,05; PLI ρ= -
0,543, p= 0,01), Euchone sp.(Cu ρ= - 0,494, p= 0,01; Zn ρ= - 0,574, p= 0,01; PLI ρ= - 0,306, 
p= 0,05) and Gallardoneris sp. (Cu ρ= - 0,340; p= 0,05; Zn ρ= - 0,464, p= 0,01; PLI ρ= - 
0,409, p= 0,01) correlated negatively with some heavy metals in sediment. Finally, A. bilineata 
(ρ= 0,371, p= 0,05) and C. dunerificta (ρ= 0,490, p= 0,01) were positively correlated with C:N 
ratio in sediment. 
A. bilineata (average: 37,0 ind·m-2) abundances reached the highest values at stations 24 in 
February (200 ind·m-2) and 6 and 17 in June (200 and 360 ind·m-2). This species had low 
abundances inside the two basin (Figure 90, Map A.VII.17 Appendix VII). A. bilineata is 
regarded as a sensitive species (Borja et al., 2000; Simboura & Zenetos, 2002). 



























Figure 90. Abundance (ind·m-2) of A. bilineata in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
C. dunerificta (average density: 72,1 ind·m-2) was very abundant at stations near to the mouth 
of Cartagena basin (stations 6, 7, 14 and 15). The highest density was recorded at station 7 in 
June (1000 ind·m-2). In the inner harbour and at other external stations (e.g. 3, 22 and 19), 




























Figure 91. Abundance (ind·m-2) of C. dunerificta in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
C. dunerificta is a recent described species which was identified in previous studies from the 
Mediterranean coast as Chone duneri (Tovar-Hernández et al., 2007). C. duneri is considered 
as indifferent to pollution (Borja et al., 2000; Simboura & Zenetos, 2002). 
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Euchone sp. (average: 70,6 ind·m-2) had very low abundances inside the basins and high 
abundances at the external stations, especially in February and June surveys. The highest 
density was found at station 17 in February (800 ind·m-2) (Figure 92, Map A.VII.19 Appendix 



























Figure 92. Abundance (ind·m-2) of Euchone sp. in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Gallardoneris sp. (average: 20,2 ind·m-2) reached the highest densities at the external 
stations, particularly at stations 14 and 17 in June (120 ind·m-2 both). Low abundances of this 
species were encountered in Cartagena and Escombreras basins. Stations 1 and 11 had 






























Figure 93. Abundance (ind·m-2) of Gallardoneris sp. in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
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Gallardoneris sp. has been described as a new genus of Lumbrineridae recently (Carrera-
Parra, 2006a), so therefore it has not been classified as sensitive or tolerant to pollution 
species. 
N. unicornis (average: 20,7 ind·m-2) abundance reached a maximum of 160 ind·m-2 at station 
19 in February, followed by station 25 in June (120 ind·m-2). This species was less abundant 
or not present inside the basins, and the highest abundance in the inner was found (80 ind·m-
2) at station 11 in October (Figure 94, Map A.VII.21 Appendix VII). N. unicornis is classified as 
indifferent (Borja et al., 2000) or tolerant to pollution species (Simboura & Zenetos, 2002), 































Figure 94. Abundance (ind·m-2) of N. unicornis in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Maximum Notomastus sp. densities (average: 18,8 ind·m-2) were attained at stations 17 in 
October and 12 in December (200 ind·m-2 and 120 ind·m-2, respectively) near the mouth of 
Escombreras basin, and at station 25 in June (120 ind·m-2) (Figure 95, Map A.VII.22 Appendix 
VII). 
The genus Notomastus is considered as tolerant to pollution species (Borja et al., 2000). 
However, one species, N. latericeus, is classified as sensitive to physical disturbance and 
hydrocarbons (Desprez, 2000; Hiscock et al., 2005; Parra, 2007) by some authors, and as 
tolerant to hydrocarbons and organic enrichment by others (Borja et al., 2000; Hiscock et al., 
2005). Moreover, this species behaved as a tolerant to hydrocarbons species at muddy 
stations in La Coruña and Ferrol harbours after Aegean Sea oil spill, whereas it behaved as 
sensitive to hydrocarbons at sandy stations (Parra, 2007). 
 




























Figure 95. Abundance (ind·m-2) of Notomastus sp. in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
6.3.5.6. COMMON SPECIES PRESENT ONLY IN THE OUTER HARBOUR  
The highest abundance values of Magelona minuta and Paralacydonia paradoxa were 
recorded in February and June at the external stations. Any individuals of these two species 
were found inside the basins. Moreover, abundance of both species did not vary much at 
station 3 in all sampling periods. M. minuta and P. paradoxa are considered as subsurface 
deposit feeders (BDT and BMX respectively). 
M. minuta and P. paradoxa were positively correlated with depth (ρ= 0,706, p= 0,01 ρ= 0,737, 
p= 0,01, respectively) and Ni in sediment (ρ= 0,510, p= 0,01; ρ= 0,533, p= 0,01, respectively), 
and negatively with Cu (ρ= -0,370, p= 0,05 ρ= -0,449, p= 0,01, respectively) and Zn in 
sediment (ρ= -0,436, p= 0,01; ρ= -0,519, p= 0,01, respectively). These two species were 
strongly positive correlated between each other (ρ= 0,718, p= 0,01). 
M. minuta (average: 71,6 ind·m-2) had high abundances at the external stations (maximum 
value at station 14 in February, 520 ind·m-2), and was not present in any stations inside the 
basins. The values of abundance at station 3 were very similar in three sampling periods 
(December, February and June) (Figure 96, Map A.VII.23 Appendix VII).  
M. minuta is classified as sensitive to pollution (Borja et al., 2000; Simboura & Zenetos, 
2002). Other species of this genus are also considered as sensitive: M. papillicornis and M. 
mirabilis (Hiscock et al., 2005; Parra, 2007). 
 


































Figure 96. Abundance (ind·m-2) of Magelona minuta in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
P. paradoxa (average: 35,6 ind·m-2) was abundant at deep external stations, and the 
maximum density occurred at station 19 in June (320 ind·m-2). Abundance in the mouth of 
Cartagena basin (stations 6, 7 and 14) was lower than in the the mouth of Escombreras 





























Figure 97. Abundance (ind·m-2) of Paralacydonia paradoxa  in Cartagena harbour during the sampling 
periods (one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
This species is considered as indifferent (Borja et al., 2000) or tolerant to pollution (Simboura 
& Zenetos, 2002). In Bohai Sea (Yellow river, China), P. paradoxa was notably increased 
abundance after 10 years of organic and contaminants discharges due to the river runoff and 
the rapid development of shrimp pond culture (Zhou et al., 2007). 
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6.3.5.7. COMMON SPECIES ONLY VERY ABUNDANT AT FEW STATIONS IN THE INNER 
AND/OR OUTER HARBOUR 
Pseudopolydora paucibranchiata, Spiochaetopterus solitarius and Mycronephtys maryae 
were more abundant in the mouth of Cartagena basin (stations 6 and 7). In addition, P. 
paucibranchiata and M. maryae were also moderately abundant at station 1 in February and 
October, respectively. P. paucibranchiata and S. solitarius are considered as mixed feeders 
as they are able to switch between two feeding modes, either by using its tentacles in 
suspension feeding or surface-deposit feeding by picking up food particles from the sediment 
surface. In contrast, M. maryae is regarded as carnivore (CMJ). P. paucibranchiata only 
negatively correlated with depth (ρ= -0,539, p= 0,01). S. solitarius and M. maryae were not 
correlated with depth, heavy metals (Cu, Ni, Zn), C:N ratio and PLI in sediment. 
S. solitarius (average: 60,7 ind·m-2) had moderate to low densities at the external stations. 
However, a peak of very high abundance was found only at one station in June (station 6, 
1720 ind·m-2) (Figure 98, Map A.VII.25 Appendix VII). S. solitarius is regarded as tolerant 
species (Borja et al., 2000). In Cartagena harbour, this species seem to behave as an 
opportunistic, with peaks of very high abundance in some period and very low abundance in 
others. Spiochaetopterus costarum was very abundant in areas with high organic matter 































Figure 98. Abundance (ind·m-2) of S. solitarius in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
The abundance of P. paucibranchiata (average: 232,1 ind·m-2) was significantly higher at two 
stations in February (6240 ind·m-2 at station 1 and 7000 ind·m-2 at station 6). This species was 
only encountered inside the basins and at stations near to the mouth of Cartagena basin (6, 7, 
14 and 15), and was not found at the rest of the external stations (Figure 99, Map A.VII.26 
Appendix VII). 































Figure 99. Abundance (ind·m-2) of P. paucibranchiata in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
As P. paucibranchiata forms dense populations in disturbed benthic environments, it was 
regarded as an indicator of semipolluted zones (Reish, 1955; Pearson & Rosenberg, 1978). 
This species has a typically opportunistic behaviour in Cartagena harbour, with quick 
population blooms (February) interspersed with periods of low abundance, like in other 
harbours (Reish, 1955). These blooms occurred in February when high concentrations of 
chlorophyll A were also recorded in the water column (López-Samaniego, 2007). In La 
Coruña harbour, P. paucibranchiata and P. pulchra had summer annual peaks and in some 
years this peak could be very high. These quick proliferations of opportunists probably are 
caused by the setting of hypoxic conditions in summer because of the high temperatures and 
macroalgae accumulation in the sediment (López-Jamar et al., 1995). In Izmir Bay (Turkey), 
the maximum density (625 ind·m-2) of this species was found near Mersin Harbour in the inner 
part of the bay (Dagli & Cinar, 2008). 
P. paucibranchiata abundance was significantly negative correlated to increased sediment 
Cu-content at 63 m depth in the Oslofjord (Norway) in a field experiments studying 
colonisation patterns of contaminated sediments, and there was an obvious reduction in 
abundance at about 900 mg/kg Cu (Olsgard, 1999). On the other hand, in another experiment 
in the Oslofjord, this species was more abundant in Cd treatment sediment (Trannum et al., 
2004). P. paucibranchiata, like P. antennata, constructs a muddy tube (Dagli & Cinar, 2008). 
These tubes are likely to be an advantage at low oxygen concentrations since they can reach 
the water or microgradients of oxygen inside the sediment (Rosenberg et al., 2001). 
Like the other two species, M. maryae (average: 18,8 ind·m-2) attained very high densities 
only at few stations (station 7 in June, 200 ind·m-2; and station 1 in October, 120 ind·m-2) 
(Figure 100, Map A.VII.27 Appendix VII). 




























Figure 100. Abundance (ind·m-2) of M. maryae in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
M. maryae is considered as a indifferent to pollution species (Borja et al., 2000) or sensitive 
species (Simboura & Zenetos, 2002). This species have been found in other harbours of the 
Mediterranean Sea (see Appendix V). 
6.3.5.8. RARE SPECIES WHICH ARE ONLY VERY ABUNDANT AT FEW STATIONS 
Some species as Bispira viola, Capitella sp. and Cirriformia sp. were considered as rare , but 
were locally abundant (2040 ind·m-2 at station 17 in October, 4320 ind·m-2 at station SR in 
February and 1080 ind·m-2 at station 1 in October, respectively). B. viola is considered as a 
filter feeder (FST), Capitella sp. as a subsurface deposit feeders (BMX) and Cirriformia sp. as 
a surface deposit feeder (SDT). 
Cirriformia sp. only negatively correlated with depth (ρ= -0,569, p= 0,01) and C:N ratio (ρ= -
0,299, p= 0,05), and positively with Cu (ρ= 0,376, p= 0,05), Zn (ρ= 0,441, p= 0,01) and PLI 
(ρ= 0,363, p= 0,05) in sediment. Moreover, Cirriformia sp was strongly correlated with 
Aphelochaeta sp. and Chaetozone sp. 1 (ρ= 0,379, p= 0,01; ρ= 0,497, p= 0,01), and 
moderately with M. heterochaeta (ρ= 0,252, p= 0,05). B. viola and Capitella sp. were not 
correlated with depth, heavy metals (Cu, Ni, Zn), C:N ratio and PLI in sediment. 
B: viola (average density: 49,4 ind·m-2) was only recorded at two stations in which their 
abundances were very high (station 17, 1146 ind·m-2, and station 12, 560 ind·m-2). This 
species was not present in any of the other stations in Cartagena harbour (Figure 101, Map 
A.VII.28 Appendix VII). This species have not been classified into AMBI or BENTHIX 
ecological groups (Borja et al., 2000; Simboura & Zenetos, 2002), and any ecological 
information about this species have been found. Other species, Bispira melanostigma, is 
regarded as sensitive species (Borja et al., 2000). 





























Figure 101. Abundance (ind·m-2) of Bispira viola in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Capitella sp. (average: 56,3 ind·m-2) attained very high densities only at one station in 
Cartagena harbour, station SR which was only sampled in February (4320 ind·m-2) (Figure 



























Figure 102. Abundance (ind·m-2) of Capitella sp. in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
C. capitata is considered to be one of the global opportunistic species in disturbed marine 
sediments rich in organic matter and anoxic conditions (Borja et al., 2000; Guerra-García & 
García-Gómez, 2004). However, C. capitata is a species complex with several species that 
are very similar morphologically but have differences in tolerance. For instance, Capitella sp. I 
and sp. S have shown marked differences in tolerance to Flu exposure (Bach et al., 2005). 
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The cosmopolitan Capitella sp. I is the most opportunistic of the sibling species. This species 
inhabit areas with high metal contamination, process up to several times its own weight in 
sediment daily, and take up Cd from both dissolved and dietary routes (Selck & Forbes, 
2004). 
Cirriformia sp. (average density: 58,8 ind·m-2) is also considered as rare species in Cartagena 
harbour. This species was more abundant inside Cartagena basin (maximum abundance at 
stations 1 and SR), and very low densities have been found at other few stations (Figure 103, 




























Figure 103. Abundance (ind·m-2) of Cirriformia sp. in Cartagena harbour during the sampling periods 
(one replicate in Dec, Feb and Jun; 3 pooled replicates in Oct) 
Species of Cirriformia appear to be tolerant to hypoxic conditions in the sediment, and are 
classified as opportunistic species (Borja et al., 2000). They survive by extending their 
anteriorly-directed branchiae into well-oxygenated water at the sediment-water interface and 
possess also enhanced oxygen binding capabilities due to the activity of erythrocruorins 
(extracellular haemoglobins) (Glasby et al., 2000). 
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CHAPTER 7. DISCUSSION 
7.1. ENVIRONMENTAL VARIABLES 
A clear gradient of environmental perturbation exist from the internal stations to the outside of 
the Cartagena harbour, and also there were differences between Cartagena and 
Escombreras basins. These gradients seem to be primarily due to the hydrodynamic, type of 
sediment and heavy metals concentrations at bottom water and in sediment. Dissolved 
nutrients and chlorophyll A at the bottom did not have a clear gradient between the inner and 
outer harbour, but their concentrations and levels varied seasonally. Dissolved oxygen (DO) 
was roughly the same in all the sampling periods, and there were not differences in DO levels 
between the internal and external stations.  
Compared with other harbours, anoxic episodes were not observed in the internal stations 
(Estacio et al., 1997; Reish, 1955; Trannum et al., 2004). DO concentrations at the bottom 
were high (> 6 mg/l) so, therefore, oxygen concentration do not seem to be a limiting factor for 
the benthic communities in Cartagena harbour. High DO can be due to the shallowness and 
the continuous maritime traffic which allow the vertical mixed of the water, like it occurs in 
other harbours too (e.g. A Coruña harbour) (Varela & Prego, 2003). Generally, nutrient and 
chlorophyll A concentrations in water at the bottom were low. The lowest mean concentration 
of dissolved phosphates and nitrates at bottom were recorded in February, like in all the water 
column, and the highest mean level of chlorophyll A (phytoplankton bloom) was found in the 
same month too. 
In the past, the most significant inputs of contaminants into Cartagena harbour were due to 
mining activities and industrial and urban effluents (CEDEX, 1983) (see Chapter 4). Although 
these activities and effluents to the aquatic environment have been reduced considerably in 
the late years as control measures were implemented in Cartagena harbour (construction of a 
sewage waste treatment plant and more controlled industrial effluents), it is still contributing to 
the degradation of the marine environment. 
At present, environment degradation in Cartagena harbour may be caused by the mobilisation 
of contaminants from the sediments, which are still a sink for many pollutants, and the input of 
hydrocarbons and heavy metals contaminants by uncontrolled effluents and accidental spills 
(Cartagena Port Authority, pers. comm.). Furthermore, residence times of these contaminants 
are extended in Cartagena harbour, like in other harbours, due to the partial enclosure and 
low current speed in the inner, and can have high severe effects on local pelagic and benthic 
communities (Guerra-García & García-Gómez, 2004). 
As urban and industrial activities have not been the same in Cartagena and Escombreras 
basins, there may be a difference in the water and sediment contaminant concentrations. 
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The type of sediment found inside the basins have more mud content than the external 
stations (more sand content). Nevertheless, sediments of Escombreras basin are expected to 
content more oil and petroleum than sediments of Cartagena, because oil companies are 
concentrated there. In fact, during the sampling, it could be observed that sediments taken in 
Escombreras basin had a strong fuel oil smell. Furthermore, high C:N ratios were found in 
Escombreras basin, and these high values may be due to the higher content of hydrocarbons 
in sediments or due to high carbonates content (see Chapter 6). These variables have not 
been measured in our survey, however, it should be interesting to take into account these 
variables (or at least total hydrocarbon concentrations in sediments, as PAHs values were low) 
for future surveys. 
The concentration of urban and industrial areas within Cartagena harbour suggests that water, 
sediment and biota would contain elevated concentrations of contaminants, especially trace 
metals, as our study and previous studies have shown (Casado-Martínez et al., 2006a; 
Casado-Martínez et al., 2006b; CEDEX, 1983, 2005; López-Samaniego, 2007). High 
concentrations of copper, iron and zinc in water were found at the bottom, and high 
concentration of copper, zinc and mercury (only measured in December) were recorded in 
sediment. High content of iron in sediments was also found in previous studies (CMAOT, 
2003). Therefore, copper, iron and zinc concentrations in water and sediments were higher 
than the rest of heavy metals measured in this and previous studies. Moreover, biological 
adverse effects in Cartagena harbour sediments are likely to occur due to the high 
concentrations of Cu, Hg and Zn at the internal stations, particularly inside Cartagena basin 
which has the highest Zn and Hg values. 
The results of heavy metals concentrations in sediment obtained in this study were compared 
with works of other spanish harbours and one uncontaminated area (Cádiz Bay). Figure 35 
shows that in all these harbours heavy metal concentrations were higher than Cádiz Bay, and 
that the highest concentration of each heavy metal depends on the harbour. High levels of Cd 
were recorded in Cartagena, Ceuta and Barcelona ports; Cu in Huelva and Cartagena; Ni in 
Ceuta and Huelva; and Hg, Pb and Zn in Cartagena. Therefore, the highest heavy metal 
concentrations for Cd, Cu, Hg, Pb and Zn occurred in Cartagena harbour. However, Fe 
concentrations of Barcelona port were higher than Cartagena. Thus, in comparison with other 
polluted spanish harbours, the internal stations in this study can be classified as moderately to 
highly contaminated by heavy metals. In contrast, low levels of PAHs were found in 
Cartagena harbour and in some ports, like, for example, Barcelona port, where PAHs 
concentrations poorly correlated with benthos (Martínez-Lladó et al., 2007). Generally, 
moderate to high heavy metal concentrations are found in ports worldwide, and these 
concentrations mainly depends on the type of activities developed in them as well as the 
background level of the area (Adamo et al., 2005; Angelidis & Aloupi, 1995; Ferraro et al., 
2005; He & Morrison, 2001; Shin et al., 2008; Stark, 1998; Zonta et al., 2007). 
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Table 35. Range of heavy metal concentrations (mg·kg-1) observed on the present study and other Spanish harbours. a Data from CMAOT, 2003; b Data from Casado-
Martínez et al., 2006b; c Data from Guerra-García & García-Gómez, 2004; d Data from Guevara-Riba et al., 2004; NA=not available; I=inner; O=outer 
mg/kg  Ba Cd Co Cr Cu Fe Hg Li Ni Pb Zn Zr 
I 
28,0-324,0 NA 0,0-28,0 17,0-86,0 50,0-722,0 NA 1,7-56,6 18,0-36,0 0,0-23,0 NA 327,0-4305,0 15,0-40,0 
Cartagena harbour, 
Spain (Present study) 
Industrial effluents and 
historical mining 
activities 
O 74,0-288,0 NA 0,0-35,0 27,0-114,0 38,0-247,0 NA 1,4-9,6 12,0-35,0 8,6-33,0 NA 70,0-1912,0 13,0-40,0 
I NA 2,3-98,5 NA 8,4-66,6 85,6-665 12723 < 0,06 NA 4,3-29,0 263,0-1397,0 
659,0-
8651,0 NA Cartagena harbour, 
Spain (a and b) O NA < 0,35 NA < 4,4 8,5-21,1 4980,0-10179,0 < 0,07 NA 2,6-8,1 
156,0-
219,0 95,9-204,0 NA 
I 12,0-236,0 0-0,04 2,0-38,0 14,0-381,0 8,0-865,0 3,1-41,1 NA 0-29,0 8-671,0 18,0-516,0 29,0-695,0 NA Ceuta harbour, Spain (c) 
High maritime transport 
O 5,0-49,0 0 5,0-14,0 13,0-111,0 5,0-21,0 12,3-27,7 NA 11,0-19,0 13-106,0 10,0-35,0 35,0-99,0 NA 
Barcelona (c and d) 
High maritime transport 
and shipping traffic 
I 
NA 0,43-2,88 NA 38,8-110 70,6-601 224000-297000 4,12 NA 18,3-34,3 86,3-589 183-1165 NA 
Bilbao (c) 
High maritime transport 
and shipping traffic  
I 
NA 2,00 NA 18,3-23,1 102-204 NA 0,74-1,43 NA 26,4-32,0 147-285 476-777 NA 
Huelva (c) 
Mining activities and 
industrial sewage 
I 
NA 1,03-2,50 NA 8,13-24,1 497-1497 NA 0,90-1,99 NA 6,18-129 210-384 974-1857 NA 
Cadiz harbour (c) 
Organic contaminants 
I 
NA 1,32-2,00 NA 14,9-16,3 197-203 NA 1,54-1,98 NA 20,1-23,9 86,9-97,4 378-405 NA 
Cadiz Bay (c) 
Uncontaminated area 
 
NA 0,87-0,92 NA 0,10-0,22 6,98-8,67 NA 0,05-0,09 NA 0,06-0,07 2,28-3,98 21,3-24,5 NA 
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7.2. MACROBENTHOS IN CARTAGENA HARBOUR 
The three major taxonomic groups found in Cartagena harbour were polychaetes, molluscs 
and crustaceans. Polychaetes constitute 76% of the total benthos abundance, and they were 
also dominant at all the stations during the four surveys (except at station 4 in October), 
whereas Molluscs constitute 16% and Crustaceans 3%. Like environmental variables, these 
major taxonomic groups showed a gradient between the inner and the outer harbour. 
Polychaetes and molluscs were more abundant in Cartagena basin, and crustaceans in 
Escombreras basin and at the outer harbour. 
This change in their relative abundances may be an indication of disturbance (Table 36). 
Olsgard and Somerfield (2000) pointed out that one common effect of pollution is that some 
groups (often polychaetes) are favoured by the disturbance and increase in abundance, while 
other groups (often crustaceans and echinoderms) are reduced in abundance (Olsgard & 
Somerfield, 2000). There are polychaetes which are highly resistant or tolerant to different 
types of pollution (high organic content, hydrocarbons, heavy metals, etc.). On the other hand, 
molluscs, crustaceans and echinoderms are more pollution sensitive groups than some 
polychaete species. Moreover, crustaceans which are more sensitive than molluscs, 
particularly amphipods, have been chosen as indicator species in several studies because 
they are highly sensitive to toxicants, particularly oil and its aromatic components (Gómez 
Gesteira & Dauvin, 2000, 2005a). 
Generally, there are a dominance of opportunistic species in the inner part of harbours, 
especially polychaetes, less tolerant to pollution, molluscs are less abundant, and 
crustaceans are poorly represented in internal stations due to their high sensitivity to 
environmental pollution (Belan, 2004; Dhainaut-Courtois et al., 2000; Estacio et al., 1997; 
Reish, 1955, 1986). 
Table 36. Percentages for each major taxonomic group found at the internal and external stations in 
two spanish harbours 
  
Polychaeta Mollusca Crustacea Reference 
Inner 70,18 22,94 0,89 Cartagena 
harbour 
(Spain) Outer 85,67 7,94 4,88 
Present 
study 
Inner 98,25 1,22 0,52 Saladillo 
harbour 
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7.3. POLYCHAETES IN CARTAGENA HARBOUR: DISTRIBUTION AND RELATIONSHIP 
WITH ENVIRONMENTAL VARIABLES 
The Cartagena harbour characteristics (low current speed, mud bottoms, not low dissolved 
oxygen levels, high content of heavy metals in sediment) modify habitat within it allowing the 
inner harbour to be distinguishable from the outer. Thus, a gradient of polychaete 
assemblages might be expected from the internal to the most external stations according to 
this gradient of environmental perturbation. 
The stations with high levels of heavy metals in sediment were characterised by low number 
of species and diversity values (stations 1, 2, 4 and 8), whereas the external stations and the 
stations 9 and 11 in Escombreras basin, which had low heavy metal levels and high C:N 
ratios in sediment, presented higher number of species and diversity. Furthermore, 
Escombreras basin had lower number of species and diversity than the outer harbour, which 
had the highest values. 
Like diversity, polychaete trophic groups complexity was higher in the outer harbour and 
decreased at the internal stations, especially inside Cartagena basin that presented lower 
trophic group diversity than Escombreras. Surface-deposit feeders, mainly SDT, became 
dominant inside the harbour where the sediment rates increase due to a low hydrodynanism, 
and therefore, the accumulation of detritus at the bottom. In contrast, abundance of 
carnivorous and filter feeders were more important outside the basins, where the water 
current is higher and the sediments content less mud. 
These results are in agreement with other studies of polychaete feeding guilds that found 
different trophic groups related to differences in habitat and sedimentation: habitat complexity 
seem to be associated with the increment of trophic groups and abundance of carnivorous 
and filter feeders species (Gambi & Giangrande, 1985a, b; Wijsman et al., 1999). These 
observations also corroborate the belief that the distribution of trophic groups is extremely 
sensitive to stress conditions: higher rates of sedimentation (inner harbour) generally reduce 
filter feeder populations and increase presence of deposit feeders (Cardell et al., 1999; 
Pinedo et al., 1997). Thus, analysis of polychaete feeding guilds can be an additional method 
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Since degraded ecosystems are usually dominated by opportunistic species (small rapidly 
growing and highly mobile species) (Ellis et al., 2000), percentages of opportunistic, tolerant, 
indifferent and sensitivity species will be also different between the inner and outer harbour. 
The highest percentages of opportunistic and tolerant species were recorded inside basins 
whereas the highest percentages of sensitivity species occured at the external stations. In 
addition, percentage of sensitivity species inside Escombreras was higher than Cartagena 
basin. The opportunistic species found in these two basins were also different: P. fallax and P. 
deltaicus were the dominant opportunistic species in Escombreras basin, while M. 
heterochaeta, Aphelochaeta sp. and Chaetozone sp. 1, which were positively correlated 
among them, were the most abundant opportunistic species inside Cartagena basin. 
The results of multivariate analyses indicate that polychaete community in Cartagena harbour 
can be divided into four assemblages according to depth, the proximity to the inner harbour 
and degree of heavy metal concentration that may affect them, and therefore these 
polychaete assemblages seem to be distributed along an inner-outer gradient in the harbour: 
a. Assemblage 1 comprised stations near to the jetties inside Cartagena basin. This 
assemblage was characterized by relatively high population densities of opportunistic 
species such as M. heterochaeta, Aphelochaeta sp., Chaetozone sp. 1 and Cirriformia 
sp. 
b. Assemblage 2 comprised stations near the mouth of Cartagena basin and stations 
inside Escombreras. It contained less abundance of some opportunistic species (e.g. M. 
heterochaeta, Aphelochaeta sp.), more abundance of other opportunistic species (e.g. 
P.fallax and P. deltaicus), and high densities of species less abundant in assemblage 1 
(e.g. Amphicorina sp. 1, G. oculata and O. fusiformis) 
c. Assemblage 3 was composed by the external stations located between the two basins 
and near to the coast. The area where this assemblage was found (stations 15, 17 and 
12) can be considered as the transitional or semi-polluted zone as it contained faunal 
elements from both adjacent assemblages, e.g. M. heterochaeta, P. deltaicus and 
Euchone sp. 
d. Assemblage 4 comprised external stations which were in the outer harbour and had 
more than 30 m depth. These assemblage contained species that were rare or not 
found at all in the other assemblages as M. minuta, P. paradoxa, Lumbrineris sp. and P. 
clymenoides. 
The most clear inner-outer gradient among the polychaete assemblages were found for depth, 
diversity, Cu and Zn concentrations in sediment, percentage of sensitive species and 
percentage of tolerant and opportunistic species, as it is shown in Figure 104. Depth, diversity 
and percentage of sensitive species increased from inner to outer assemblages, whereas Cu 
and Zn concentrations in sediment and percentage of tolerant species decreased. 
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Figure 104. Gradient of environmental and biological variables in the four polychaeta assemblages 
Polychaete species of the harbour assemblages can be classified into four categories: (1) 
species which only occurred in large numbers in the highly disturbed conditions (e.g. Capitella 
sp. and Cirriformia sp.) and were very abundant at station SR; (2) species which increased in 
abundance in highly or moderately disturbed areas (inside basins) (e.g. M. heterochaeta, 
Aphelochaeta sp. and P. fallax); (3) species which were more abundant in the less disturbed 
areas or “transitional zone” (e.g. G. oculata, O. fusiformis, C. dunerificta); (4) species which 
appear less tolerant and occur at a distance from the more disturbed area (e.g. Lumbrineris 
sp., Euchone sp.). 
Benthic communities were generally distributed according to a defined inner-outer gradient in 
ports and marinas worldwide due to their characteristic environmental conditions (Çinar et al., 
2006; De Biasi et al., 2004; López-Jamar et al., 1995; Pinedo et al., 1997; Raman, 1995; 
Raman & Ganapati, 1983; Rebzani-Zahaf et al., 1997; Reish, 1986; Smith et al., 1995). 
Polychaete assemblages at the inner stations in this study displayed attributes similar to other 
harbours such as reduced diversity and richness (Belan, 2004; Rivero et al., 2005; Trannum 
et al., 2004); surface and subsurface-deposit feeders were dominant whereas carnivores and 
filter feeders were less abundant (Pinedo et al., 1997; Reish, 1986); and dominance by small, 
mobile, opportunistic polychaetes (Belan, 2004). 
Regarding the relationship between polychaete assemblages and environmental factors, the 
observed distribution of polychaetes may be not only determined by one of the measured 
sediment variables, but by a combination of variables. Depth, sediment characteristic, 
sediment C:N ratio and heavy metals (particularly Cu and Zn) in sediment seem to be the 
main factors influencing polychaete distribution in Cartagena harbour. However, there may be 
further variables not analysed in the present study which can also influence species 
distribution as organic matter and total petroleum hydrocarbons. 
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Following BIOENV analysis, the set of environmental variables that best explained the 
polychaete assemblage pattern were depth and the concentrations of a number of heavy 
metals known to be of anthropogenic origin in sediments (Cu, Zn and Ni). Morever, CCA 
analysis showed that groups of some dominant polychaete species, which have been 
selected following the performance of CA analysis, can be separated by shallow and deep 
stations, and by heavy metals concentrations and C:N ratios in sediment. The last two 
parameters also seem to separate Escombreras from Cartagena stations (high levels of C:N 
ratio in Escombreras and high heavy metals levels in Cartagena). 
It have been found some correlations between environmental variables and biological 
parameters. Mean abundance of polychaete was negatively correlated with depth whereas 
number of species (S) and diversity (Shannon-Wienner and Simpons indices) were positively 
correlated. In addition, number of species and diversity were negatively correlated with heavy 
metals in sediment (Cu, Zn, PLI or Pollution Load Index). Furthermore, percentages of 
sensitive species (GI and GII AMBI groups, and GI BENTHIX groups) were positively 
correlated with depth and diversity and negatively with heavy metals (Cu, Zn and PLI). In 
contrast, percentage of tolerant and opportunistic species (GIV AMBI group and GII BENTHIX 
group) were positively correlated with heavy metals and negatively with depth and diversity. 
Cirriformia sp. and Chaetozone sp. 1, which positively correlated with Cu and Zn in sediment, 
were more abundant at stations 2 and 4 with high levels of heavy metals. In contrast, C. 
dunerificta and E. vittata, which negatively correlated with Cu and Zn in sediment, were less 
abundant at these stations and were more abundant in stations with high C:N ratios in 
Escombreras (stations 9 and 11). In addition, Gallardoneris sp., Euchone sp., Lumbrineris sp., 
M. minuta and P. paradoxa (with high densities at deep stations) were also negatively 
correlated with Cu and Zn in sediment. 
Heavy metals in sediment have been found in many field surveys to be significantly correlated 
with differences in soft-sediment assemblages. In a Norwegian fjord, copper was found to 
have a strong negative correlation on the diversity of benthic assemblages, lead a moderate 
negative correlation and zinc a weak negative correlation (Rygg, 1985). Patterns of 
assemblage structure in two temperate Australian estuaries were strongly correlated with 
heavy metals such as copper, lead and zinc, which were associated with urban runoff (Stark, 
1998). Moreover, heavy metals in sediment have been demonstrated in field experiments to 
significantly affect recruitment of benthic macrofauna. Copper at levels above 300 mg/kg have 
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However, since many natural environmental variables (e.g. water depth and sediment type) 
also modify community structures, it was not always easy to separate these from 
anthropogenic effects (Warwick, 1993). For instance, in Cartagena harbour, the high values of 
diversity found at the external stations may be due to a combination of factors: (i) depth, 
deeper stations had generally high diversity values; (ii) type of sediment, outer stations 
presented a greater grain size heterogeneity in contrast to more homogenous sediment at the 
inner harbour; (iii) heavy metals levels in sediment, the highest levels were recorder inside the 
harbour; and (iv) other not measured contaminants. Therefore, it is difficult to find a direct 
proof of causality between environmental variables and polychaete assemblage structure 
because apart from a contamination gradient, there are a depth and sediment gradients. 
Since there may be synergistic effects with different types of contaminants in Cartagena 
harbour, causality between contaminants levels and biological patterns can only be 
demonstrated conclusively using manipulative field or laboratory experiments, which can 
unconfound the effects of unmeasured variables (Clarke & Warwich, 1994; Stark et al., 2003). 
Thus, further complementary ecological and ecotoxicological studies of some of the most 
abundant and important species in Cartagena harbour may be interesting to take into account 
for the assessment and management of dredge material, and also to study the bioavailability 
of some contaminant present in the sediments of this harbour. Moreover, the species level of 
intolerance or tolerance to the various degrees of pollution found in port areas can also be 
evaluated. Therefore, these kinds of studies can be very useful, and at present, the 
development of environmental tools is necessary in order to assess the ecological status of 
water bodies (e.g. biotic indices) (Solis-Weiss et al., 2004). 
The water quality study carried out at the same stations and months in Cartagena harbour, 
showed four different water bodies following two statistical analyses independent from the 
biological analyses (Principal Component Analysis and Cluster Analysis): Cartagena basin 
water body, Escombreras basin water body, transition water body and outer area (Figure 106) 
(López-Samaniego, 2006, 2007, 2008). 
These four water bodies were approximately similar to the four polychaete assemblages 
determined in this study (Figure 105): Cartagena basin assemblage; Escombreras basin plus 
stations near to the mouth of Cartagena assemblage; transition assemblage (stations 15, 27 
and 12) and external stations. Some few differences between water and polychaete 
assemblages were found due to their different characteristics. However, it can be seen a 
gradient from inner to outer harbour in both of them. 











Figure 106. Water Bodies defined in Cartagena Harbour. (MASA= Water body) (López-Samaniego, 2007) 
7.4. DESIGN OF A BIOLOGICAL QUALITY MONITORING NETWORK IN CARTAGENA 
HARBOUR 
This doctoral thesis of the polychaete taxocene in Cartagena harbour can be considered as a 
baseline study since benthic communities historical data were very scarce, especially for this 
taxonomic group, and limited to only specific areas inside the harbour. Thus we propose the 
following sampling methodology and biological monitoring network for future surveys and 
monitoring programmes. 
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Sediments and benthos were sampled using a 0,025 m2 Van Veen grab in our survey. 
Subsequently, faunal samples were wet-sieved through a 1-mm mesh to remove excess 
sediment, and the retained material was preserved in 10% buffered formalin in plastic 
containers. Van Veen grab was chosen among different sampling gears as the great majority 
of port biological monitoring programmes worldwide used it, and also due to its characteristics: 
easy to transport and handle in any type of vessels at low depths. 
Nevertheless, there are great variability in the mesh size to sieve the biological samples. In 
some port surveys a 0,5 mm mesh size sieves are used while a 1 mm sieves are used in 
other surveys . Despite the potential lost of species, the use of 1 mm mesh size sieves is 
usually more recommendable for pollution surveys (Rumohr, 1995), and particularly in 
Cartagena harbour surveys. The analysis of samples in the laboratory can be highly labour 
intensive after sieving with a 0,5 mm mesh size: more individuals may be taken , a great 
number of them may be juveniles, and consequently, the taxonomic identification to species 
may be more difficult or not possible in some cases. 
Furthermore, we recommended to take at least two or three replicates by sampling stations. 
In our study one replicate per station was taken in the first sampling periods to have a wide 
knowledge of the area, and to know which stations should be selected in future surveys. Once 
we detected which stations were the most interesting or problematic, the number of sampling 
stations were reduced and then, three replicates were taken in the last sampling period 
(October). 
Determining the number and location of the monitoring stations is the first important 
consideration in establishing the biological monitoring network. The number of stations in the 
monitoring network are determined by its objectives and the funding that is available. We 
recommend to include the following stations in the future polychaete taxocene or biological 
surveys in Cartagena harbour: 
 Cartagena basin: stations 1, 2 and 4. However, as stations 2 and 4 clustered in the 
same assemblage, only one of them can be chosen to establish the monitoring 
network. 
 Escombreras basin: stations 8, 9 and 11. It is possible to select between station 9 or 
station 11, and only include one of these since they clustered together in all surveys. 
 Intermediate area: stations 6, 17 and 12. All these stations should be included for 
several reasons: station 6 and 12 are located near the mouth of the basins, and 
station 17 is near a water discharge from a refrigeration tower of a energy production 
plant. 
 Outer area: station 3 or 10 which are located near “Algameca Chica” discharge. 
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The stations of the biological monitoring network presented above are the most important to 
take into account for future sampling survey. Nevertheless, more stations can be added for 
specific purposes, as for instance, to monitor the recovery of the environmental quality after a 
accidental discharge or spill. 
Generally, the managers were worried that the benthic communities monitoring are highly 
labour intensive, both in terms of sampling effort in the field and in the analysis of samples in 
the laboratory (Warwick, 1993). However, once taxonomic groups are identify at species level 
in a baseline study, the identification work may be easier, and can also be simplified by 
establishing species checklists and elaborating taxonomic keys. Following this baseline study, 
the surveys for biological quality monitoring may be carried out six-monthly or annually 
according to the objectives of the monitoring network. 
Environmental parameters should be recorded at the same time of the biological monitoring 
since they may influence polychaete assemblages and benthic communities. Water 
temperature, salinity, dissolved oxygen, nutrients and current speed also may affect the 
distribution and impact of pollutants, and therefore the quality of water column and sediments. 
So they should be included in the monitoring network of Cartagena harbour. Finally, port 
habitats should be classified according to granulometric studies, and contaminants in 
sediment: heavy metals levels and hydrocarbons in water and sediment. 
According to the WFD, index and metrics should be used to assess the ecological status of 
water bodies. This index values will vary in response to variables such as sampling method, 
sieve mesh size, number of replicates, inconsistencies in taxonomic identification and habitat 
type. Thus it should be necessary to standardise the methodologies (water, sediment and 
benthos) used in environmental port monitoring in order to minimise this variation. Moreover, 
the standardization of port sampling methodologies may help in the establishment of port 
reference conditions (WFD normative) since the comparison between harbours will be 
possible. Currently, standard methodologies in transitional and coastal waters are being 
employed in some European countries (Prior et al., 2004). 
7.5. FAMILIES AND SPECIES OF POLYCHAETA IN CARTAGENA HARBOUR: 
GEOGRAPHIC DISTRIBUTION AND COMPARATIVE WITH OTHER HARBOURS 
Polychaetes are generally the most abundant and diverse taxonomic group in ports, and 
accounted for about 70 to 90% of the total number of specimens (Belan, 2004; Çinar et al., 
2006; Estacio et al., 1997; Neiland & McMahon, 1999; Raman, 1995; Smith et al., 1995). The 
polychaete families more abundant, in terms of number of individuals, are Cirratulidae, 
Capitellidae and Spionidae due to a great number of their species are opportunistic or tolerant 
to pollution (Pearson & Rosenberg, 1978). 
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Many species of Cirratulidae are well known as positive pollution indicators in different 
geographical zones (Belan, 2004; Neiland & McMahon, 1999). The families Capitellidae and 
Spionidae are also known to be very abundant in organically enriched or polluted areas 
(Pearson & Rosenberg, 1978). For instance, species of the Capitella “capitata” complex have 
been considered to be indicators of organic pollution, and are capable of invading areas 
where significant defaunation has occurred (Glasby et al., 2000). Furthermore, spionids are 
good colonizers of polluted and non-polluted environments (Moreira et al., 2006), and some 
species are known to have become invasive, particularly in more or less polluted areas 
(harbour environment) and estuary zones (e.g. Streblospio gynobranchiata and Polydora 
cornuta in Mediterranean). They can be transferred by vessels, especially in ballast water or 
through the transport of bivalves (e.g. oysters) for aquacultural activities (Çinar et al., 2006; 
Dagli & Cinar, 2008). In addition, investigations near marine oil terminal facilities also have 
showed that abundances of opportunistic polychaetes increased (capitellid, cirratulid, and 
spionid polychaetes) in association with increased sediment hydrocarbons (Blanchard et al., 
2003). 
Tables 37 and 38 show the more abundant polychaete species in harbours of Spain and all 
around the world. The comparison among the abundance of species of different ports and 
marinas is difficult as many factors will influence the number of individuals and species found. 
Some of these reasons are: sampling techniques, mesh size used, size and number of 
replicates collected and over what time period, sediment type, historical disturbances, organic 
content, microbial associations and food availability (Hutchings, 1998; Pearson & Rosenberg, 
1978; Snelgrove & Butman, 1994). Furthermore, harbour habitats are highly spatial and 
temporal heterogeneous depending of the characteristic of the harbour. Therefore, the 
polychaete taxocene can be influenced not only by environmental conditions, but also the 
dimensions and form of harbour area, the type of activity and the level of pollution (Prevedelli 
et al., 2005). 
Nevertheless, these tables show that the most abundant species usually belong to cirratulids, 
capitellids and spionids, although the species change among the harbours due to their own 
characteristic or different geographic situation. Species from Capitella capitata complex were 
recorded in almost all the harbour included in these tables. Moreover, the most abundant 
species of other families may also change due to the factors explained above, and therefore, 
species from other families may be found even though they generally are less abundant than 
these three families (e.g. Sabellidae, Paraonidae, Syllidae, Lumbrineridae, Oweniidae, etc.). 
Moreover, the great majority of the polychaete species of Cartagena harbour listed in this 
study have been found in other ports and marinas in the Mediterranean Sea and worldwide 
(see Appendix V for a complete list). 
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Many of the polychaete species of Cartagena harbour presented a wide geographic 
distribution, and some of them are considered as cosmopolitan species (see Appendix IV). 
Nevertheless, species that were previously assumed to be cosmopolitan are, in fact, species 
complexes, or it has been demonstrated that their distribution were less wide than it was 
previously thought. This problem has been described in the important pollution indicator 
species Capitella ``capitata'' (Grassle & Grassle, 1976). On the other hand, Hutchings and 
Rainer (1981) examined material from the Mediterranean, the North Sea, Australia and the 
east coast of the USA, from a range of soft-bottom habitats, and could not detect any 
consistent differences between material from different localities, and confirmed that 
Heteromastus filiformis is a cosmopolitan species (Hutchings & Rainer, 1981). Furthermore, 
recent studies suggest that Owenia fusiformis, which has been widely reported from around 
the world, has a restricted distribution in the Mediterranean (Koh & Bhaud, 2001). Although a 
number of species of Owenia have been described, all of them were synonymised with O. 
fusiformis without any justification by previous authors, and this has been widely accepted 
(Ford & Hutchings, 2005). Currently, it is thought that the majority of polychaete families occur 
world-wide and many genera have wide distributions, and it is at the species level that 
discrete distributional patterns are being found (Hutchings, 1998). 
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Table 37. Most abundant polychaete species in several Spanish harbours and marinas (a mesh size of 0,5 mm; b mesh size of 1 mm). 
Cartagena: industrial activities; Ceuta: only shipping traffic; Saladillo: untreated sewage discharges, fishing activities; Barcelona: industrial 





Chaetozone sp. 1 






Cirriformia tentaculata Capitella capitata Pseudomalacoceros tridentata Potamilla 
reniformis 










    
La Coruña harbour a 
(López-Jamar et al., 
1995) 
Chaetozone sp. Capitella capitata Pseudopolydora cf. 
Paucibranchiata, Spio decoratus 
 Paradoneis armata  
Barcelona porta 
(Barcelona, 2004) 
Cirratulidae indet. Capitella capitata Malacoceros fuliginosus, Spio 
filicornis 
Chone sp.  Phyllodocidae indet., 
Dorvillea rubrovittata 
Valencia harbour (outer)b 
(Tena et al., 1993) 
 Capitella capitata Polydora cornuta, Prionospio 
steenstrupi, Pseudopolydora 
antennata 




 Capitella capitata, 
Mediomastus fragilis 
Polydora caeca, Pseudopolydora 
paucibranchiata 
 Paradoneis armata Owenia fusiformis 
Baiona marinaa 
(Moreira et al., 2006) 
 Capitella capitata Spiophanes bombyx, Prionospio 
fallax, Pseudopolydora sp., 
Prionospio pulchra 




(Sardá & Ariza, 2005) 





  Galathowenia 
oculata, Clymenura 
clypeata 
San Carlos de la Rápita y 
Alcanar (fishing marina)a 
(Sardá et al., 2001) 
Cirriformia tentaculata Capitella capitata, 
Mediomastus fragilis, 
Pseudomastus deltaicus 
Pseudopolydora paucibranchiata   Neanthes caudata 
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Table 38. Most abundant polychaete species in several harbours worldwide (a mesh size of 0,5 mm; b mesh size of 1 mm; c mesh size of 300 µm). 
(All harbours have industrial activities) 
 
Cirratulidae Capitellidae Spionidae Sabellidae Paraonidae Other families 
Alsancak harbour 
(Turkey) (Çinar et al., 
2006)a 






   
Algiers harbourb 
(Manté et al., 2003) 
Cirriformia tentaculata Capitella capitata Scololepis Malacoceros 
fuliginosa 
Polydora antennata 
  Lumbrineris latrelli 
Port of Trieste, Italyb 
(Solis-Weiss et al., 2004) 










Tharyx multifilis  Spionidae indet.   Ophelina acuminata, 
Lumbrineris luti, Nepthys 
cornuta franciscanum, 
Glycera capitata 
Sutton Harbour, UKa 
(Smith et al., 1995) 
Cirratulidae indet. Capitella capitata 
Heteromastus filiformis 





(Raman & Ganapati, 
1983) 
Aphelochaeta marioni 
(as Tharyx marioni) 
Chaetozone setosa 
Capitella capitata    Nereis glandicincta, 
Cossura coasta, Nephtys 
dibranchis 
Mar del Plata Harboura 
(Rivero et al., 2005) 
Tharyx sp. Capitella “capitata” sp. 
Capitella sp. 
Mediomastus sp. 
Polydora spp.   Neanthes succinea 
Boston harborc 
(Maciolek et al., 2006) 
Chaetozone setosa Capitella capitata 
complex 
Prionospio steenstrupi 
Streblospio benedicti  
  Nephtys cornuta 
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Commercial harbours are considered as hot spot areas for possible species introductions as a 
result of environmental instability and maritime traffic (Çinar et al., 2006; Zenetos et al., 2005). 
Species-poor communities of harbours are more vulnerable to invasion than are other 
communities. The disturbances produced in harbours increase invasion success by creating 
new microhabitats, introducing propagules, decreasing the populations of native species and 
also by weakening the ability of native biota to resist invaders (Çinar et al., 2006) 
In Cartagena harbour, at least three polychaete species are considered as invasive: 
Hydroides elegans, Pista cf. unibranchia and Pseudopolydora paucibranchiata (Zenetos et al., 
2005). H. elegans is a well-known invasive species in Mediterranean harbours (Moen, 2006) 
while P. paucibranchiata have been recently reported as invasive in Izmir Bay (Turkey) (Dagli 
& Cinar, 2008). Pista unibranchia has been included in the most update list of alien species in 
the Mediterranean Sea (Zenetos et al., 2005). However, more alien species may be found in 
Cartagena harbour following a more detailed study of some polychaete species which may be 
new to science or cited by the first time in the area. 
In conclusion, alien polychaete species in harbour may be underestimated whereas 
cosmopolitan or wide distribution species may be overestimated. This is mainly due to scarce 
studies of benthos (especially polychaete taxonomic group) in ports, the use of invalid species 
names and the fragmentary information of some species. In addition, most of these studies 
focus on ecological problems and omit the precise identification of species collected. Some 
authors pointed out that one of the reason of alien and cosmopolitan species misidentification 
and overestimation is the lack of funding for supporting essentially taxonomic studies which 
led to lack or scarce taxonomic knowledge in some part of the world (Hutchings, 1998; 
Zenetos et al., 2005). 
7.5.1. Taxonomic remarks of polychaete species in Cartagena harbour 
The identification of the three polychaete families more abundant in Cartagena harbour, and 
generally in most of the harbours around the world (Cirratulidae, Capitellidae and Spionidae) 
presents great difficulties, and the taxonomy of some of their genera remains problematic. 
Globally, the taxonomy of Cirratulidae has been very confused due to a relative lack of 
discrete morphological characters and some descriptions are not sufficiently detailed to allow 
for accurate identifications of specimens (Dean & Blake, 2007; Rouse & Pleijel, 2001; Wolf, 
1984). Furthermore, one of the difficulties of cirratulids identification is that many of the 
characters are damaged or lost during the sampling and preservation process, and confident 
identifications require complete specimens (Wolf, 1984). 
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Capitellids are frequently encountered in port surveys and are difficult to identify too. One of 
the major problems with capitellid systematic is that the generic definitions are based upon 
number of thoracic setigers, numbers of thoracic setigers with capillaries, and the first 
appearance of hooks (Blake et al., 2000a). These characters have to be interpreted with care 
since their distribution is related to size and may change with age, particularly in the posterior 
thorax (Green, 2002). In addition, the use of the presence of “branchiae” as a generic 
character presents problems since “branchiae” can be completely retracted in preserved 
individuals and may only be observed in living material (Glasby et al., 2000). The need for 
revision of the family has been echoed recently by Blake (2000a). However, at present there 
are no revisions of the family, and setal distribution remains the primary method for 
distinguishing genera (Green, 2002). 
Spionidae have probably received the most study of all polychaete families, and therefore are 
one of the best understood taxonomically. However, great care must be taken in assigning 
specific names to damaged or preserved specimens due to the frequent loss of taxonomically 
important structures, especially the branchiae and posterior segments. Therefore, in some 
occasions is impossible or really difficult to identify them even at genus level (Johnson, 1984) 
To date, FAUVEL’s outdated fauna (1923; 1927) is still widely used for identifying polychaetes. 
However, some species listed in these works are still included in the checklist of some 
harbour around the Mediterranean, although some of them have been synonymized with 
others, considered as invalid species or proved to be absent in the Mediterranean (Zenetos et 
al., 2005). Therefore, these records should be used with care and need to be re-examined 
before carring out ecology studies and applying index or metrics. On the other hand, new 
identification reviews of some polychaete families and genus have been produced and 
descriptions of new species published (Blake, 1991, 1994, 1996, 2000; Carrera-Parra, 2006; 
Tovar-Hernández et al., 2007). In addition, taxonomic works on different cirratulids genera will 
be published soon (Dean, H and Chambers, S, pers. comm..). 
7.5.1.1. Problematic genera and species: Cirratulidae, Capitellidae and Spionidae 
• Cirratulidae genera 
Some cirratulid species of Cartagena harbour need to be studied in more detail as 
descriptions are not sufficiently detailed to allow for accurate identifications of specimens 
(e.g. Aphelochaeta, Cirratulus and Cirriformia species). Therefore, some specimens of 
Cartagena harbour were identified only to genus level until new genus reviews will be 
published: Aphelochaeta sp. (there may be at least two different species), Cirratulus sp, 
Cirriformia sp., Tharyx sp. and Timarete sp. 
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Blake (1991) redefined Tharyx to only include species with capillaries and knob-tipped 
spines, reinstated the genus Monticellina which contain species with sawtooth edge 
capillaries and described a new genus Aphelochaeta for species that have capillaries with 
smooth edges (Blake, 1991). Nevertheless, despite the names of some species have 
changed, some authors still use the previous name in port benthic communities studies. 
For instance, the name Tharyx marioni has been found in some checklist although its 
current valid name is Aphelochaeta marioni. Moreover, Monticellina heterochaeta has 
been named Tharyx heterochaeta in some works, despite this is a invalid name. 
• Monticellina heterochaeta 
Blake (1991) sinonysimed Monticellina heterochaeta and Tharyx annulosus as 
Monticellina dorsobranchialis (Blake, 1991). Since then M. dorsobranchialis have been 
cited in a numerous sites along Mediterranean Sea and other European waters (North 
Sea) (Parra, 2007). A reexamination of the Atlantic specimens of M. dorsobranchialis led 
to a reassessment of synonymies proposed in the 1991 Blake´s paper. As part of studies 
as yet unpublished by J.A. Blake and M.E. Petersen, synonymies proposed in this paper 
are being reconsidered, with M. annulosa and M. heterochaeta being resurrected from 
synonymy with M. dorsobranchialis and redescribed as distinct species (Blake, 1996). At 
present, M. heterochaeta Laubier, 1961 is valid and was cited in Mediterranean Sea. 
Therefore, Mediterranean records will need to be re-examined when European 
Monticellina species are resolved (Petersen, pers. comm.). 
• Capitella sp. 
The polychaete originally referred to as Capitella capitata (Fabricius 1780) has been 
demonstrated to consist of a cryptic species complex of distinct sibling species. The 
sibling species are so morphologically similar that the complex is not separated by proper 
taxonomic species descriptions. Nevertheless, they are distinguished by a variety of 
genetic, developmental and reproductive features (Grassle & Grassle, 1976). 
Furthermore, differences in ecophysiological characteristics, such as tolerance to abiotic 
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• Pseudomastus deltaicus 
Specimens of Cartagena harbour have transitional segments that have capillary setae in 
the notopodia and hooded hooks in the neuropodia in 11-12 setigers, but a few 
specimens have setigers with mixed fascicles of both capillary setae and hooded hooks 
between 9-12 setigers, but they seem to be juveniles due to their size. The first thoracic 
setiger only have notosetae, and in some specimens there are digitate branchiae in 
abdominal region and in others branchiae are not present, like Pseudoleiocapitella genus. 
As this species have transitional setigers in 11-12, it should be included in Leiochrides 
genus since Blake (2000). Currently, the status of this species is being revised (Gil, pers. 
comm.). 
• Prionospio fallax 
P. fallax was restablished as valid species by Sigvaldadóttir & Mackie (1993) after being 
synonymised with the ambiguosly described P. malmgreni by Fauvel (1927) and with P. 
steenstrupi by Maciolek (1985) who concluded that P.malmgreni is a indeterminable 
species. Sigvaldadóttir & Mackie (1993) pointed out that P. steenstrupi and P. fallax are 
distinct species (Sigvaldadóttir & Mackie, 1993). However, P. malmgreni, according to 
Fauvel (1927) is still being used. 
7.5.1.2. New species, recent described species and potential new species 
A. New species 
• Chaetozone sp. 1 
Chaetozone specimens of Cartagena harbour have been determined as a new species 
recorded in the British isles (called “Chaetozone D”) and its description will be published 
soon by British authors (Chambers, pers. comm.). 
At present, Chambers and “collaborators” are examining more material from a range of 
localities to determinate the true status of Chaetozone (Chambers, 2000). Until recently 
Chaetozone setosa was considered as cosmopolitan species with records world-wide, from 
the intertidal zone to the deep sea.(Chambers et al., 2007). However, Chaetozone setosa is 
acknowledged as a species aggregate/complex, and difficulties in separating eyeless 
Chaetozone species have led to many specimens being incorrectly identified and recorded 
as C. setosa. Currently, C. setosa is known from the Arctic, North Sea and west coast of 
Scoland (Chambers, 2000). 
 
 




Specimens of Chaetozone species previously reported from semi-polluted sediments from 
the Mediterranean Sea should be re-examined. The presence of C. setosa in the 
Mediterranean dates back to 1927 (Fauvel, 1927). Chambers (2000) postulated that the 
part of the specimens that Fauvel identified as C. setosa belonged to other species. 
Therefore, the Fauvel’s material of C. setosa in fact has a mixture of species (Çinar & 
Ergen, 2007). Thus, until better taxonomic definition of the group is available, it should be 
more convenient to denominate species of this complex as Chaetozone sp. 
B. Recent described species 
Some of the species encountered in Cartagena harbour were recently described by 
several authors. Therefore, these species are new records for the area, and some records 
in other harbours in the area should be re-examined since they may be these species. 
• Chone dunerificta 
Chone dunerificta was identified in previous studies from the Mediterranean coasts as 
Chone duneri but they differ by several characteristic (see Tovar-Hernández et al., 2007 
for a detailed description). Previously, Tovar-Hernández et al. (2007) Chone genus 
revision, C. duneri has been regarded as having a very wide distribution. However, the 
records from the Mediterranean Sea of Giangrande (1992) correspond to the new species 
C. dunerificta. This species has been found in the Eastern central Atlantic Ocean and 
Mediterranean Sea, on shallow sandy bottoms (Tovar-Hernández et al., 2007). 
• Spiophanes afer 
Spiophanes afer are recently described as a new species. This species was previously 
recorded as S. kroyeri reyssi in the area near to Cartagena harbour (Redondo & San 
Martín, 1997), but it was raised to species status by Meißner (2005). The type material of 
S. afer was from Spain in the Mediterranean Sea (between Cape San Antonio and 
Valencia harbour and between N of Olympic port Barcelona and Mataró, see Meißner, 
2005 for more details). To date, four species of Spiophanes are distributed in the 
Mediterranean Sea: S. afer Meißner, 2005, S. mediterraneus Meißner, 2005, S. bombyx 
(Claparède, 1870) and S. reyssi Laubier, 1964 (Meißner, 2005). Therefore, following the 
revision of Meißner (2005), some records of S. bombyx and S. reyssi in Mediterranean 
harbours may be the new two species described in this review, and Spiophanes species 
should be re-examined in ports. 
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C. New potencial species 
The genus Gallardoneris was recently described and only two species of this genus were 
described worldwide (Carrera-Parra, 2006). However, one new species of this genus was 
found in the Bay of Biscay and its description will be published soon (Aguirrezabalaga, 
pers. comm.). Thus, Gallardoneris sp. of Cartagena harbour need to be studied in more 
detail and compare with specimens of Bay of Biscay. In addition, specimens of 
Lumbrineris sp.. also need to be examined as they may be new species or new records. 
Other genus of some polychaete family will need further study too, as for instance, 
Abyssoninoe sp, Pseudofabriciola sp. and Prionospio sp. 
7.6.UTILITY OF BENTHOS, ESPECIALLY POLYCHAETE, AS PART OF THE 
ENVIRONMENTAL QUALITY MONITORING IN PORTS. 
Since the European Water Framework Directive (WFG) apply to harbours and marinas, Port 
Authorities and organisations of the port sector need scientifically and technically robust tools 
for the environmental evaluation of the quality of port waters in concordance with this 
Directive. 
In Spain, the ROM 5.1. recommendation (“Quality of coastal waters in port areas”) is the first 
methodology and technical tool for the water port management according to the WFD. Its 
main objective is to establish a common methodology in the port water bodies’ quality 
management. ROM 5.1. is only a recommendation rather than a law for the Port Authority 
(see Chapter 2 for a detailed explanation of ROM 5.1. Recommendation) (Revilla & Juanes, 
2005). This recommendation includes the use of physical-chemical and biological indicators 
for the assessment of the natural or not-modified water bodies’ ecological status, and the 
ecological potential of the heavily modified water bodies in harbours (see Table 4 in Chapter 
2). The biological indicators included in ROM 5.1. are water column chlorophyll A and only 
hard bottom characteristics communities. Biological communities of hard bottoms will be 
determined by direct observation of different depth levels, intertidal, 0-5, 5-15, 15-30 and 
more than 30 meters by scuba-divers, along transects previously defined (Revilla & Juanes, 
2005). 
Thus, ROM 5.1. does not required the monitoring of soft-bottom communities even though a 
huge amount of studies have demonstrated the importance and utility of these communities, 
especially benthic communities, in the assessment of marine environmental quality (Belan, 
2004; Gómez Gesteira & Dauvin, 2005b; ICES, 2008; Warwick, 1988, 1993). Furthermore, 
this doctoral study and other publications of port benthic communities, have demonstrated the 
importance of soft-bottom benthos in harbours, especially polychaete assemblages (Belan, 
2004; Çinar et al., 2006; Estacio et al., 1997; Guerra-García, 2001; López-Jamar et al., 1995; 
Raman & Ganapati, 1983; Rivero et al., 2005). 
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In addition, benthic assemblages have been proposed to assess the ecological quality status 
of coastal and transitional waters by means of several metrics and biotic indexes, according to 
the WFD, and together with physical-chemical, hydromorphological and other biological 
elements (Puente et al., 2008; Salas et al., 2006). Some of these biotic indexes have been 
used to assess the environmental quality in some spanish harbours (Martínez-Lladó et al., 
2007). 
Recently, Marin et al (2008) have also proposed an indicator-based protocol to assess the 
environmental quality of Italian harbours. They have developed a flexible and site-specific 
multistep indicator-based approach, called MIBA. Since the applying of this approach is 
voluntary for harbours, the indicators were classified according to three levels (I-III) of effort 
involved in obtaining information on environmental quality. Level III contains benthic-
community-based indicators: macrofauna diversity index (H´), marine biotic index (AMBI), 
meiofauna number of taxa and nematode (to genus level) diversity index (H´) (Marin et al., 
2008). 
The most challenging issue in the application of WFD to harbours is the identification of 
reference conditions and environmental objectives for Heavily Modified Water Bodies 
(HMWB). These reference conditions on which status classification is based are called 
“Maximum Ecological Potential” (MEP), and HMWB are required to achieve "good ecological 
potential" (GEP) and good surface water chemical status (European Commission, 2000). The 
first priority to establish MEP and GEP is to look for a comparable natural water body. This 
search can be difficult in harbours, as these areas have been highly modified for many years, 
have highly heterogeneous environments in terms of levels of disturbance, pollution and 
oxygen concentration. Therefore, harbours can not be comparable with the surrounding 
natural coastal waters. However, some harbours have environmental baseline studies of 
water, sediments and/or benthos communities, and these studies may serve to help in the 
establishment of MEP and GEP (López-Jamar et al., 1995; Martínez-Lladó et al., 2007). In 
contrast, this is not the case in other harbours which have not any environmental studies at 
all, or which studies are very scarce or recent. On the other hand, type-specific reference 
conditions for benthic invertebrate must take into account the substratum that the community 
inhabits, since variability shown in the benthic invertebrate communities between habitat 
types can mask the detection of anthropogenic impact on benthic communities (Prior et al., 
2004). 
In Cartagena harbour, benthic invertebrate data have been collected by the EIA 
(Environmental Impact Assessment) studies for a wide variety of purposes (new docks, 
sewage and industrial discharges, etc.). However, these studies generally did not perform an 
exhaustive environmental monitoring (water, sediment and benthos at the same survey), as 
they were focused on a reduce area, and only contain list of species of other studies. 
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Therefore, establishing reference conditions in Cartagena harbour by historical data and 
information is quite difficult. One possible solution may be the comparison of Cartagena 
harbour, a highly industrialised and contaminated port, with less contaminated ports and 
marinas of the area, and establish different list of species and benthic communities according 
to the level of pollution and type of sediment. 
According to WFD, other important issue is that some aspects of the benthic community must 
be included in the ecological status assessment of a water body. Therefore, indicators, 
metrics and indices need to be included in any classification scheme for WFD assessment to 
identify each of the five ecological status classes (i.e. ‘High,’ ‘Good,’ ‘Moderate,’ ‘Poor’ and 
‘Bad’). The main terms to be addressed by a benthic invertebrate classification scheme for the 
WFD are: “the level of diversity and abundance of invertebrate taxa”; and the proportion of 
“disturbance-sensitive taxa” (ICES, 2008; Prior et al., 2004). 
The main objective of this study was to assess the polychaete assemblages of Cartagena 
harbours in terms of abundance, diversity, feeding groups, sensitive-tolerant species by mean 
of univariate and multivariate methods. Although, different macrobenthic groups may have 
different responses, only polychaetes were used in this study since they are the most 
abundant group in Cartagena harbour (70-80%). Moreover, polychaetes are the first 
macrobenthic colonists after a disturbance and the most important group inhabiting stressed 
regions of a pollution gradient like harbours (Cardell et al., 1999). The parameters and metrics 
that have been considered to assess the quality of the polychaete taxocene were: 
 Univariate: Number of taxa (S), abundance (N) and frequency and dominance of 
species 
 Diversity: Shannon Weiner (H’ and exp H´), Pielou (J’) and Simpson (1/D) indices 
 Functional: percentages of feeding modes and sensitive-tolerant to pollution species. 
Following this study, several biological elements may be use for the assessment of the quality 
of the polychaete assemblages in Cartagena harbour: diversity indices, percentage of trophic 
or feeding groups and percentage of sensitive and tolerant species. These elements showed 
a inner-outer gradient and separate the harbour in different zones: 
a) Inner harbour: low diversity, high percentage of deposit-feeders (particularly SDT), high 
percentages of tolerant and opportunistic species and low percentages of sensitive 
species. 
b) Intermediate polluted zone: moderate to high diversity, higher percentage of feeding 
modes and sensitive species than inner harbour, and low percentage of tolerant and 
opportunistic species. 
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c) Outer harbour: high diversity and percentage of sensitive species; more types of 
feeding modes and low percentage of tolerant and opportunistic species. 
Although all of these have particular benefits and drawbacks, it is recommended to use a 
combination of some of them as it may be more effective than only one alone (Prior et al., 
2004). In addition, the use of multivariate statistics gives a much more precise way of 
detecting changes in benthic assemblages in space and time than use of only univariate 
indices (Gray et al., 1990). 
Diversity is an ambiguous concept and there is no single definition of high and low diversity. 
Furthermore, diversity indices depends on the natural heterogeneity of the communities 
studied (Chainho et al., 2008). In Cartagena harbour, the stations with the highest diversity 
values were outside the basins, but these stations also have higher depth and less mud than 
the internal stations. Therefore, it is difficult to know if these high values of diversity were due 
to pollution, depth or type of sediment, or a mixed of them. However, as some contaminants 
were measured (heavy metals and PAHs in sediments and heavy metals and hydrocarbons in 
water), at least it can be demonstrated that there is a gradient from high values of 
contaminants inside the basins to less values outside (stations with less than 30 m). 
Polychaete feeding guilds classification have been useful to observe different gradients inside 
and outside the basins. However, assigning a species to a functional group is difficult for two 
reasons: many macrobenthic species are notoriously flexible in their response to 
environmental conditions and can change their feeding mode depending on these conditions 
(e.g. Owenia fusiformis) (Ellis et al., 2000); and information about the feeding biology within 
each polychaete species is scant and has led to generalization to a whole family or a genus 
(Giangrande et al., 2000; Pagliosa, 2005) Therefore, the classification in feeding guilds is 
subjective and dependent on knowledge of the species biology and on the judgment of the 
researcher (Pagliosa, 2005). 
The percentage of sensitive and opportunistic or tolerant polychaete species also showed a 
inner-outer gradient from most polluted to less polluted stations. Since only polychaetes were 
identify to species level, biotic indices (e.g. AMBI and BENTHIX) could not be calculated. 
However, the proportions of individual abundance in five ecological groups (related to the 
degree of sensitivity/tolerance to an environmental stress gradient), in which are based these 
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Like feeding groups, the classification of benthic species into ecological groups or as 
indicators of stress is the crucial point. List of species, based on literature and personal 
experience, of two different index (AMBI and BENTHIX) which are similar in philosophy, have 
been used to classified our polychaete species (Borja et al., 2000; Simboura & Zenetos, 
2002). Discrepancies in the assignment of the polychaete species to ecological group has 
been found. In addition, some authors have found that the same polychaete species can have 
a different behaviour to pollution depending on: the area of study, type of sediment and the 
type of pollution (Bustos-Baez & Frid, 2003; Parra, 2007). Many authors have pointed out that 
organisms are not equally sensitive to all types of anthropogenic disturbance, and are likely to 
respond differently to different types of perturbation, and therefore indicator species and biotic 
indices (like AMBI, BENTHIX) are unlikely to be universally applicable (Bustos-Baez & Frid, 
2003; Marín-Guirao et al., 2005; Washington, 1984). 
Furthermore, despite the extended use of indicator species and biotic indexes, and the 
profuse literature generated in order to test and compare them, there is generally some 
confusion between the terms “indicator” and “index” since they are used in different contexts 
(scientific, regulatory and management). Thus, as it was proposed in the last ICES 
symposium held in London in November 2007, the term “indicator” needs to be specified, and 
should be also distinguished from “index”. The term “index” is defined as “an aggregation of 
indicators into a single representation” (Rees et al., 2008). In contrast, there are more 
definitions of “indicator” depending on the type of indicator: 
 Indicator species: organism which their occurrence and dominance is associated to a 
particular habitat or biological community in non-disturbed environment; or organism 
which tolerates a specific type of pollution and is therefore more abundant in disturbed 
habitats, as ports, disposal dredge material sites, etc (Salas et al., 2006). 
 Environmental indicator, in a regulatory context, is defined as “a measure or model 
used to estimated the current state and future trends in physical, chemical, biological, or 
socioeconomic conditions of the environment, along with thresholds for management 
action to achieve desired ecosystem goals” (Rees et al., 2008). 
There are also different types of indices, and recently, Salas et al (2006) enumerated the 
different indices based on benthic invertebrate fauna information that are used currently to 
measure the environmental quality of coastal and transitional waters. These indices were 
based on: indicator species (e.g. AMBI and BENTHIX); diversity value (e.g. Shannon-Wiener 
and Simpson); ecological strategies (e.g. Feeding Structure Index) and species biomass and 
abundance (e.g. Abundance-biomass curves, ABC) (Salas et al., 2006). 
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Although all the above parameters and methods have some drawbacks, together with water 
and sediments studies, they can detect the recovery rate of polychaetes and benthic 
communities, and therefore, the ecological status of the harbour. Moreover, the use of a 
combination of these parameters is highly recommended by some authors (Marín-Guirao et 
al., 2005; Puente et al., 2008). 
Since harbours have specific environmental conditions and high values of some problematic 
contaminants (heavy metals, PCBs, TBT, etc.) apart from organic enrichment, it is 
recommended the following tools and further studies to establish reference conditions and 
assess the ecological status within them: 
• More detail ecological benthic communities studies (especially polychaetes) together 
with physical-chemical conditions of the sediments in harbours. They will be very useful 
in order to establish their specific reference conditions, and develop new indicator list or 
specific indices for different type of contaminants in harbours. This new indicator list as 
a function of the type of contaminant it has also been suggested by others authors for 
other highly polluted environment (Marín-Guirao et al., 2005). 
• Before these ecological studies, it should be necessary to carried out taxonomic studies 
in these areas in order to resolve some taxonomic problems of widely recorded species 
in ports and misidentification of species. Therefore, it may be very useful to prepared list 
of synonyms of most frequent species and invalid species names, particularly in 
harbours. 
To conclude, the study of polychaete taxocene parameters together with environmental 
variables in Cartagena harbour have shown that polychaete can be a complimentary tool to 
study the environment quality in harbours. Our results are in agreement with other polychaete 
assemblages studies in harbours worldwide, which considered that this taxocene may be 
used as a reliable tool for assessing a pollution gradient in these environments (Belan, 2004; 
Raman & Ganapati, 1983; Rivero et al., 2005). 
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CHAPTER 8. AN APPROACH TO THE STUDY OF HEAVY METALS IN 
NEPHTYS JAWS 
8.1. INTRODUCTION 
Besides metabolically essential elements (Zn, Cu, Fe and Mn), which can be toxic at high 
levels, marine organisms also accumulate non-essential metals (e.g. Hg, Cd, Cr and Pb) to 
levels which may be many thousand fold those in the surrounding seawater (Bargagli, 1993; 
Fatoki & Mathabatha, 2001). Metal concentration in marine sediments can be linked to high 
concentrations in living organisms (e.g. molluscs and polychaetes), and the bioavailable metal 
load in sediments may affect the distribution and composition of benthic assemblages (Caplat 
et al., 2005). 
Polychaetes are widespread in marine habitats and are common in both uncontaminated and 
contaminated sediments (Bryan & Gibbs, 1987; Hutchings, 1998; Knox, 1977). Previous 
studies have related heavy-metal concentrations in sediments with those in polychaete body 
tissues, which appear to reflect the availabilities of these metals in the environment (Bernds et 
al., 1998; Bryan & Hummerstone, 1971; Poirier et al., 2006). Furthermore, the heavy metal 
content of polychaeta jaws also have been studied in some species of Nereis (Bryan & Gibbs, 
1979, 1980) Glycera (Gibbs & Bryan, 1980a) and Goniada (Gibbs & Bryan, 1980b). It was 
found that high levels of metals such as Zn and Cu are present in these species. However, 
these metals are accumulated in jaws in a process of hardening these structures (Broomell et 
al., 2006; Moses et al., 2006). 
Bryan and Gibbs (1987) pointed out that the most promising indicators species appear to be 
the members of the family Nephtyidae, a group found worldwide in estuaries and coastal 
waters. As carnivores, they may be expected to be more sensitive indicators of heavy metals 
pollution than polychaetes that are lower in the food chain (Bryan & Gibbs, 1987; Glasby et 
al., 2000). Moreover, concentrations in the body tissues of Nephtys hombergii seem to 
respond to environmental differences of heavy metal concentration (Bryan & Gibbs, 1987). 
The main aims of this work were to study which heavy metals are present in the Nephtys 
jaws, and the percentages (weight %) of them in each jaw individually. Thus, jaws of 
specimens living in different non-contaminated and contaminated areas in Spain were 
analysed in order to research if the accumulation of heavy metals in jaws may depend on 









The aim of this chapter is to present the results of a preliminary study of heavy metals in 
Nephtys jaws by means of scaning electron microscope (SEM) X-ray microanalysis. It has 
been included in another chapter as this is a different research issue but related. Some of the 
Nephtys specimens used in this analyses were obtained in Cartagena harbour surveys. 
The aims of this study were the following: 
a) To investigate the presence (weight %) and distribution of heavy metals in each 
Nephtys jaw separately using scaning electron microscope (SEM) X-ray microanalysis  
b) To investigate the presence and content of heavy metals in the jaws according to the 
area where the Nephtys specimens live. 
8.3. STRUCTURE AND COMPOSITION OF NEPHTYS JAWS: A REVIEW 
The jaws of Nephtyidae are hollow pyramids inserted at their base into the junction of the 
pharyngeal sheath and the pharynx. The shape of the jaws in the Nephtyidae varies among 
species and is roughly species-specific. In N. hombergii, the jaw is an irregularly shaped 
pyramid in which the anterior face is the largest, and in N. caeca it have regular pyramid-
shaped jaws (Olive, 1980a). 
Nephtys species jaws are the most simple among polychaete from the anatomical point of 
view. They are constituted by aromatic proteins, which are apparently hardened by quinone 
links (quinone tanning), high amount of glycine, and contain no chitin (Michel, 1971; 
Purschke, 1988; Voss-Foucart et al., 1973). The jaws are secreted by the glandular cells of 
the pharyngeal epithelium (Michel, 1971). It appears that newly formed tooth material is 
deposited inside and projecting beyond the older, more distal pyramids. Nephtys jaws have 
the appearance of a stack of superimposed pyramids with the smallest and oldest being at the 
apex (Olive, 1980a). 
Kirkegaard (1970) first drew attention to apparent growth lines in the jaws of Nephtys 
hombergii, and he interpreted them as annual growth lines (Kirkegaard, 1970). Subsequent 
studies have demonstrated that the growth lines can be used to age several species of 
Nephtyidae. Nevertheless, Olive (1980a) pointed out that the recognition and resolution of 
annual growth lines requires investigations of both the jaw structure and the population age 
structure and growth. This has only attempted for N hombergii and N. caeca (Olive, 1980a). 
Figure 107 illustrates a jaw with two prominent growth lines. 








Figure 108. N assimilis specimen from “La Lanzada” beach (Galicia, Spain) (3 growth lines, apical view) 
However, there are also marked differences in the jaws of different specimens of the same 
species, even when they have been collected at the same time in the same vicinity (Olive, 
1980a). Furthermore, aging of Nepthys jaws is not always easy. Growth in each phase can be 
continuous in some jaws (Figure 109, A), with the result that growth lines are particularly 
prominent. In others (Figure 109, B and C), growth is discontinuous and a series of growth 
lines are interpolated between “annual” lines. Therefore, it is difficult to age this kind of jaws 
since the “annual” growth lines are developed as the subordinate lines, and they may be 
confound with the former. In some cases, the most difficult growth lines to distinguish are the 
ones from the largest and presumably oldest. Figure 108 shows one of our N. assimilis 
specimens, in which there are many subordinate growth lines between “annual” growth lines 
(L1, L2, L3 are supposed to be annual growth lines). 





Figure 109. Diagrammatic representation of the growth of Nephtys jaws during three successive growth 
periods (Olive, 1980a) 
Kirkegaard (1970) and Retière (1976) have regarded specimens of N.hombergii with one ring 
in the jaws as 1-year-old animals in North Sea and Rance estuary (English Channel) 
populations, respectively. The 0 group animals are shown as forming the first ring during the 
spring, which is immediately before the breeding season and the period of recruitment 
(Kirkegaard, 1970; Retière, 1976). On the other hand, the first ring is not formed until the 
second year in populations of N. hombergii and N. caeca from the Tyne estuary. The ring 
number plus 1 year represents the minimum age of individual worms in these populations. It 
also appeared from this study, that the growth that resulted in the formation of a prominent 
growth line was not caused simply by winter cold, but rather by completion of a period of 
gametogenesis and sexual maturation (Olive, 1977). The reasons for differences in the age at 
which individual animals become sexually mature for the first time in the populations of these 
studies are unknown. Thus, the status of the growth lines can be established only through 
careful population analysis. Moreover, several workers have found difficulty in utilizing 
determination of age from the jaws because of the problem of finding an objective criterion for 
separating annual growth lines (Olive, 1980a). 
8.4. MATERIAL AND METHODS 
8.4.1. Collection of Nephtys specimens and sediments 
In order to assess heavy-metal concentrations in jaws, the Nephtys specimens were obtained 
from localities with different metal concentrations in sediments in the Atlantic ocean and 
Mediterranean Sea in Spain: 
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 “Samil” beach (Vigo, Galicia): water treatment plant of the city discharges its waters 
near this beach (2 specimens of one species, N. cirrosa; March 2007) 
 “Balea” beach (O´Grove, Galicia): a treatment plant of mussels dumps waste water to 
this beach (13 specimens in total of N. hombergii, N. assimilis and N. cirrosa; March 
2007). 
 “La Lanzada” beach (O´Grove, Galicia): considered as an uncontaminated beach (13 
specimens of N. hombergii, N. assimilis and N. cirrosa; March 2007 and 2008). 
 Cartagena harbour (Murcia): harbour with high levels of heavy metals in sediments 
due to anthropogenic impact (23 specimens of N. kersivalensis and N. incisa; 
December 2003-October 2004) 
 Barcelona harbour (Catalan coast): harbour with also high heavy metals 
concentrations in sediment due to anthropogenic impact (10 specimens of N. 
hombergii, N. kersivalensis, N. incisa and Nepthys sp in Barcelona; samples taken 
from 2004 to 2006). These specimens were facilitated by Authority Port of Barcelona. 
 Cape Tiñoso (Murcia): area near to the Bay of Cartagena, which is regarded as a 
non-contaminated area, with high diversity of benthic communities (6 specimens of N. 
kersivalensis and Nephtys sp; July 2007). 
Sediments were sampled in Samil, Balea, La Lanzada and Cartagena harbour at the same 
time as the Nepthys specimens to analise the content in heavy metals. Sediments from 
Barcelona harbour were taken in May 2007. Data from heavy metals values in sediments of 
Cape “Tiñoso” were obtained from the database of sediments of the Autonomous 
Government of Murcia (samples taken in 2003) (CMAOT, 2003). 
8.4.2. Sediments analysis 
Sediments were dried at ambient temperature and when they are completely dried, they were 
sieved by 0,063 mm. Concentrations of Al, Cu, Fe and Zn in sediments were analised as 
described by Sahuquillo & Rigol (2003).This technique gives a reasonable estimate of the 
biologically available metal in the sediment by using of the fraction of sediment finer than 63 
µm. In summary, this methodology involved extraction of metals with 0.43 M acetic acid for 19 
h at room temperature. The relation between dry sediment and acetic acid was 1 g per 40 ml 
(1:40). Concentration of metals in the extracts was determined by inductively coupled plasma 
mass spectrometry (ICP-MS) at the “Servicio Interdepartamental de Investigación” laboratory 








8.4.3. Sample preparation 
In Nephtys there are two jaws situated inside the large proboscis, at some distance from the 
mouth opening (Figure 110). One jaw per specimen was dissected, with as little adhering 
musculature as possible, and soaked in aproximately 0,05 N sodium hypochlorite for a few 
seconds or minutes depending on the size of the jaw (Olive, 1980b). All soft tissue was 
removed by gently scraping, and the jaws were rinsed with distilled water and storaged until 
their analysis. 
  
Figure 110. Anterior part of a Nephtys hombergii with everted proboscis (ventral view) (Left side). 
The proboscis has been opened along the dorsal median line and the position of the two jaws was 
showed (Right side) (Photograph taken under the binocular stereo microscope). 
8.4.4. X-ray microanalysis 
X-ray microanalysis of the jaws was carried out on a MC-Hitachi S-3000 N scanning electron 
microscope fitted with a INCA-xsight energy-dispersive X-ray microanalyser at the “Servicio 
Interdepartamental de Investigación” (SiDi) in the Universidad Autónoma de Madrid 
(accelerating voltage 20 keV and a time constant 20 seg). Before performing the 
microanalysis, jaws were mounted on carbon tabs, and briefly sputter-coated with gold 
(Sputter Coater SC502). 
A transect from the tip to the base was traced in each jaw, and at least three areas within this 
transect were measured. These areas, whenever possible, were located between the growth 
lines of the jaws. Element present in the jaws were quantified by integrating the area under 
their respective peaks, and are presented as weight % of the total area. Since carbon, oxygen 









A total of 67 jaws belong to 5 species of Nephtys were analysed in order to detect which 
heavy metals (weight %) are present in them. The most abundant elements in Nephtys jaws, 
apart from the organic elements (C, O and N, about 60 to 70% of the total), were I, Cl, P and 
Ca (12,4±10,7; 3,4±2,3; 2,3±1,8; 1,4±0,8 weight %, respectively). If the most abundant 
elements (C, O and N) were not taken into account in the total percentage, weight percentage 
of the rest of components are the following (Table 39): 
Table 39. Mean weight % values of components in Nepthys jaws 
(pooled values of the six sites; C, O and N were not take into account in weight % in this table) 
Elements Weight % Elements Weight % 
Na 1,46±1,56 Cl 15,27±6,93 
Mg 1,75±1,32 I 56,76±9,94 
Al 0,42±0,48 Ca 9,31±2,89 
Si 0,36±0,85 Cu 1,78±1,75 
P 7,83±1,76 Zn 1,40±1,52 
S 1,96±0,78 Fe 1,40±1,72 
The weight percentage of Na and Cl may be higher than the real value as we have soaked 
the jaws in sodium hipoclorite to eliminate the tissue around them. Therefore, in whole jaws, 
four heavy metals are present in almost all the samples: Al, Cu, Zn and Fe. Al was the less 
abundant, and Cu, Zn and Fe had approximately a similar mean weight percentage. Table 40 
shows the species of Nepthys studied in each area with the body width intervals of each 
species. Number of rings of growth counted for each jaw were not included since it was not 
always easy to see defined “annual” growth lines, and established the total number of rings 
for each jaw using the SEM images. 








Table 40. Number of Nephtys specimens and width body interval per species and site (Acronyms of jaws for the different study areas between patenthesis) 
 
Samil (S) Balea (B) La Lanzada (L) Cartagena Harbour (C) Barcelona harbour (BC) Cape Tiñoso, Murcia (M) 
 N Width (mm) N Width (mm) N Width (mm) N Width (mm) N Width (mm) N Width (mm) 




(L1_8) 4 - - 
5 
(BC1-BC5) 1,0-0,8 - - 













1,9-0,9 - - - - - - 











(BC6) 0,7 - - 
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Figures 111 and 112 illustrates the weight percentages for each jaw and sampling area. Jaws 
from specimens of sampling sites located in the Galicia coast, Atlantic Ocean (Samil, Balea 
and La Lanzada beaches) contained high percentages of Cu and Zn, whereas jaws from 
specimens collected in sites situated in the Mediterranean Sea (Cartagena and Barcelona 
harbour and Cape Tiñoso) contained higher percentages of Fe. Therefore, there were 
differences between the jaw analyses for the six different localities. 
Furthermore, in Atlantic sites, Cu and Zn levels were higher in Samil and Balea beaches than 
La Lanzada beach (< 1,8%), which is considered as a uncontaminated area. In Mediterranean 
localities, the specimens that contained more percentage of Fe in their jaws were located in 
Cartagena and Barcelona harbours, while the specimens with less level of Fe in jaws 
occurred in Cape Tiñoso, a non-polluted area (< 1,5%, except sample M4 with 3,5 %). Figure 
113 illustrates an elemental profile of the jaw tip of one specimen of N. cirrosa from Balea site 
which shows the peaks of Cu and Zn, and any peak of Fe. On the other hand, figure 114 
shows another elemental profile of the jaw tip of one N. kersivalensis specimen of Barcelona 
port, in which a high peak of Fe can be observed. 
 
 




Figure 114. N. kersivalensis jaw of Barcelona port with the elemental profile of the jaw tip (Mediterranean 
Sea) (Apical view) 
 




There is no a clear relation between the concentration of heavy metals in the jaws and size of 
animal in all sites. Nevertheless, jaws of N. hombergii in Balea (B1 to B8) decrease in Cu and 
Zn percentages from more wide specimens (B1 to B5, 1,8-1,5 mm) to less wide specimens 
(B6 to B8, 1,4-1mm). In contrast, N. cirrosa specimens in La Lanzada (L3_8 to L11_8 1,9-1,5 
mm) and N. kersivalensis in Cartagena harbour (C1 to C20) did not show a pattern of heavy 
metals content from specimens with more width (e.g. L3_8, C6) to specimens with less width 
(e.g. L11_8, C20). Moreover, in Barcelona harbour, different percentages of heavy metals 
occurred in N. hombergii specimens of the same width (1-0,8 mm). Samples BC5a and BC5 b 
were the two jaws of the same N. hombergii, and heavy metals in these two jaws were 
roughly the same. However, since this is not an exhaustive population study of Nepthys 
species, and there are not enough specimens for some age groups (old and juvenil 
specimens), these results must be taken with care.  
Regarding the distribution of these four heavy metals in the jaws, there are two clear patterns 
depending on the localities. It seems that the highest level of Cu and Zn occurred in the basal 
part of the jaws in Samil and Balea. On the contrary, in Cartagena, Barcelona and Cape 
Tiñoso, percentage of Fe was higher at the tips of the jaws. Al levels did not show a different 
distribution between the tip and the basal part in any site (Figures 115 and 116). 
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Figure 111. Weight percentage of four heavy metals in Nephtys jaws in Atlantic localities (see Table 40 for acronyms) 
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Figure 112. Weight percentage of four heavy metals in Nephtys jaws in Mediterranean localities (see Table 40 for acronyms) 
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Figure 115. Distribution of four heavy metals in Nephtys jaws in Atlantic localities (weight %) 
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Figure 116. Distribution of four heavy metals in Nephtys jaws in Mediterranean localities (weight %) 
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Figure 117 shows heavy metals concentrations in sediment of each sampling site, and Figure 
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Figure 117. Al, Cu, Zn and Fe concentrations in sediment at the sampling localities (Al and Fe have not 
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Figure 118. Mean percentage of Al, Cu, Zn and Fe (weight %) in Nephtys jaws at the sampling localities 
The lowest percentage of these four heavy metals in jaws were recorded in “La Lanzada” 
beach and in Cape Tiñoso, where the heavy metal concentrations in sediment were also low. 
Cu and Zn content in jaws of Samil and Balea were higher than in Cartagena and Barcelona 
harbours where the concentrations of these heavy metals in sediment are lower than Fe and 
Al. Therefore, although the content of Cu and Zn in sediments of Samil and Balea were low, 
their content in jaws were high comparing with sediment. 
Thus, there were differences between the percentage of heavy metals in Nepthys jaws 
depending on the localities where they live. Levels of alumium were very low in jaws (less 
than 1%), and vary slightly from one sampling site to another, so this heavy metal seem not to 
be influenced by heavy metal concentration in sediments. 




On the other hand, it seems that Fe concentrations in the jaws were influenced by 
environmental levels in sediment. Fe concentration in the jaws increased with levels in the 
sediment in Cartagena (in other studies, Fe concentrations around 10000 mg/kg were 
recorded in Cartagena harbour sediments, see Table 35 of Chapter 7), Barcelona and Cape 
Tiñoso. In contrast, Cu and Zn not show such relation as the highest values in jaws have 
been found in sites with low values of these heavy metals (especially Samil and Balea). 
8.6. DISCUSSION 
Jaws of five different Nephtys species (N. hombergii, N. assimilis, N. cirrosa, N. kersivalensis 
and N. incisa) contained four heavy metals, aluminum, copper, zinc and iron. These heavy 
metals occurred in low percentage comparing with other elements. The lowest weight 
percentages were recorded for aluminum in all localities. Moreover, it seems that Cu, Zn and 
Fe percentage values in jaws varied depending on the sampling sites. As these metals are 
essential for life in low concentrations (Das, 2000; Luoma, 1983), they may be part of the 
proteins and structure of the jaw, or these heavy metal contents may be the products of a 
detoxification process which are stored in this zone of the polychaete body. 
All aquatic invertebrates take up and accumulate trace metals whether essential or not, and 
subsequent body concentrations of trace metals show enormous variability across metals and 
invertebrate taxa. Metals can be metabolically available and contribute, for instance, to the 
composition and structure of proteins, or can be eliminated from metabolic pathways either by 
excretion or by immobilization/sequestration in some parts of the organism bodies (e.g. 
bones, shells, exoskeletons or internal precipitates). Both uptake rates and elimination rates 
vary widely among metals, organisms, and environmental conditions Thus, aquatic 
invertebrates living in the same habitat may have very different body concentrations of heavy 
metals, even within species in the same genus (CIESM, 2002; Rainbow, 2002). 
Invertebrate jaws (radulae, fangs, and mandibules) contain high levels of heavy metals as 
zinc, copper, iron, and manganese. Certain gastropods and molluscs teeth were found to 
contain iron-based biominerals (Lichtenegger et al., 2003). Nevertheless, heavy metals occur 
in amounts of a small weight percent in polychaete jaws, and the jaws do not contain chitin 
and are mainly composed of proteins enriched with glycine and histidine (Lichtenegger et al., 
2003; Voss-Foucart et al., 1973). 
Regard to polychaete jaws, it was initially proposed that the jaws of Nereis diversicolor might 
serve as a metal-sink, sequestering toxic levels of Zn absorbed from the sediments (Bryan & 
Gibbs, 1979). Further observations demonstrated that Zn concentration in jaws were high, 
regardless of environmental content (Bryan & Gibbs, 1980). In nereids (Nereis genus) and 
glicerids (Glycera genus) heavy metals are concentrated at the tip of the jaw, where the 
mechanical impact is expected to be highest, although the choice of the specific heavy metal 
depends on the species genera (Broomell et al., 2007; Lichtenegger et al., 2003). 
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Glycera contains predominantly Cu and Nereis contains Zn as the major inorganic 
constituent. Currently, it is known that these two heavy metals contribute to the mechanical 
properties of the jaws in these polychaete genera (Broomell et al., 2007; Lichtenegger et al., 
2003). 
Nevertheless, Fe, Cu and Zn content in Nephtys jaws seem to be related to those of the 
habitat, (sediment and/or water) since different percentages of these metals were recorded in 
jaws from different localities (Altantic and Mediterranean specimens). These differences may 
be due to the following environment factors: 
a) Habitat and type of sediments: specimens were collected in the intertidal zone in Galicia 
localities whereas in Mediterranean specimens were collected in soft-bottom habitats 
from 10 to 40 m depth. Moreover, sediment of harbour habitats (Cartagena and 
Barcelona harbours) usually content high percentage of mud. 
b) Concentration and bioavailavily of heavy metals in sediment. 
Furthermore, concentrations and bioavability of metals to aquatic organism in sediments also 
depend on many different environmental and biological processes (Bryan & Langston, 1992; 
CIESM, 2002; Luoma, 1983; Zoumis et al., 2001): 
o Chemical speciation and transformation of heavy metals 
o Presence of metal-binding components in sediments, like oxides of Fe and organic 
compounds, to which metals are preferentially bound 
o The influence of temperature, salinity, oxygen, redox, pH or bioturbation of organisms 
on the above processes 
o Feeding strategy, food preference, and physiological mechanisms of uptake, storage, 
metabolism and detoxification of heavy metals by different species of organism 
Obviously, the two sampling zones, Atlantic ocean and Mediterranean Sea, have differences 
not only in sediments but in water characteristics. In addition, some of the sites within each 
zone were affected by anthropogenic impacts as, for example, Cartagena and Barcelona 
harbours. Therefore, sampling sites can be divided according to the zone, habitats and 
anthropogenic impacts (Table 41): 
Table 41. Classification of sampling sites by zone, habitat and anthropogenic impact 




Atlantic Intertidal zone 
- 
Cartagena harbour + 
Barcelona harbour + 
Cape Tiñoso 
Mediterranean Soft-bottom habitats 
- 




The differences in the percentage of Cu, Zn and Fe in jaws of Atlantic (high levels of Cu and Zn) 
and Mediterranean (high levels of Fe) Nephtys specimens may be due to the different coast 
geology, and therefore geochemistry of the sediments, and to the different water characteristic 
of these two water bodies. The temperature, salinity and oxygen of the water column can 
influence the presence of more ionic forms of heavy metals and/or the absorption of these 
heavy metals by the particles of the sediment. For example, when the salinity is low there are 
more Cu bioavailable in form of Cu2+. Moreover Cu2+ and Zn2+ may be captured by sediments 
with high content of oxides of Fe or organic matter. 
Furthermore, the anthropogenic impacts are very low or not exist in one site located in Atlantic 
waters (La Lanzada) and other site in Mediterranean waters (Cape Tiñoso). In these sites, the 
percentage of heavy metals were low comparing with the other sampling sites located in the 
same zone. However, the Cu percentage in jaws in La Lanzada and Fe percentage in Cape 
Tiñoso were the highest weight percentage of heavy metals in these two sampling sites. 
Broomell et al. (2008) demonstrated in laboratory experiment that the hardening of nereids jaws 
is not restricted to the metals that are preferentially incorporated in the native environment. 
They obtained comparable hardness with the addition of Cu or Zn to the nereid jaws (Nereis 
sp.). However, the protein matrix of these jaws has a stronger affinity for Zn, as Cu were less 
efficient in the hardness of the jaws (Broomell et al., 2008). Therefore, when an organism have 
not available the most efficient heavy metal for their jaws protein matrix, they may absorb a 
similar heavy metal, and this may be the reason of the different percentage of Cu, Zn and Fe in 
the different localities sampled. 
The size and age of the polychaete may be an important sources of variation of the percentages 
of heavy metals in jaws too. Nevertheless, since the range of size and age of our specimens 
was not very wide, further detailed population studies of different species of Nephtys should be 
done in order to research the influence of specimen age on heavy metal contents in their jaws. 
8.7. CONCLUSIONS 
The Nephtys jaws of six species content four different heavy metals (Al, Cu, Zn and Fe). The 
percentage of Al in the jaws was very low. Percentages of Cu, Zn and Fe varied between 
specimens of different localities (Atlantic and Mediterranean), and these percentages were 
low in non-contaminated sites. Therefore, it seems that the Cu, Zn and Fe values varied 
according to their environmental content. However, further studies should be done in a wide 
range of localities, and more detailed population and size studies of several Nephtys species 
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CHAPTER 9. CONCLUSIONS/CONCLUSIONES 
The following conclusions can be drawn from the results of the PhD called “Study on polychaete 
taxocene as part of the environmental quality assessment in Cartagena habour”: 
1) Cartagena harbour showed a clear gradient of contamination from higher values in the 
inner harbour to lower values in the outer, which is characteristic of port areas. Anoxic 
episodes were not observed in the inner part in any of the sampling periods, and in 
general nutrients and chlorophyll A in were low at the bottom. The maximum values of 
chlorophyll A were recorded in February when the nitrate and phosphate concentrations 
were the lowest values of all surveys. Heavy metals levels in sediment occurred in high 
concentrations inside the basins, and the highest values were recorded in Cartagena 
basin. Due to the high levels of Hg, Cu and Zn, the sediments can cause negative 
effects in the benthic fauna. The PAHs contents in sediment were low. 
2) A total of 10.199 individuals of macrobenthos were found in Cartagena harbour. The 
most abundant taxonomic groups were polychaetes (76%), molluscs (16%) and 
crustaceans (3%). Polychaetes and molluscs were more abundant inside the basins, 
whereas crustaceans had higher densities in the outer. 
3) A total of 7829 individuals belonging to 150 taxa of polychaetes (131 species, with 41 of 
these being identified only to the genus level, and 19 identified to family level) were 
collected in Cartagena harbour. The most abundant families of polychaetes were: 
Cirratulidae, Spionidae, Sabellidae, Capitellidae and Paraonidae. A detailed taxonomic 
list of species and genera found in Cartagena harbour has been elaborated. The 
publications used in the identification of each species have been included in this list as 
the original descriptions have been not used for all the species. 
4) One new species of Cirratulidae (called Chaetozone sp. 1 in this study) have been 
recorded in Cartagena harbour. This species is the same as other Chaetozone species 
located in the British isles, and its description will be published soon by specialists of 
this genera. Furthermore, new species or new reports of some species can be found 
following a more exhaustive taxonomic study of some specimens (e.g. Gallardoneris sp, 
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5) The most abundant species of polychaetes in Cartagena harbour were:: Monticellina 
heterochaeta (25,4 %, 1988 specimens), Prionospio fallax (6,6%, 519 specimens), 
Aphelochaeta sp. (6,6%, 517 specimens), Pseudopolydora paucibranchiata (6,0%, 470 
specimens), Cirrophorus furcatus (4,0%, 315 specimens), Chaetozone sp. 1 (3,2%, 252 
specimens), Pseudomastus deltaicus (3,1%, 240 specimens) and Amphicorina sp. 1 
(2,6 %, 201 specimens). In addition, the most frequent species were: Monticellina 
heterochaeta (81,5% stations), Aphelochaeta sp. (66,7%) and Prionospio fallax (65,4%). 
6) A gradient of biological parameters of polychaetes (number of species, trophic and 
ecological groups, etc.) have been found from the inner to the outer harbour: 
 Inner: low number of species and diversity, high abundance of surface and 
subsurface deposit feeders, and high percentage of opportunistic and tolerant 
species. 
 Outer: high diversity and number of species, high diversity of trophic groups and 
high percentage of sensitive to pollution species. 
7) A high percentage of the polychaete species have Atlanto-mediterranean (30,1%) and 
circumglobal (17%) distributions. Moreover, there are also a high number of 
cosmopolitan species (12,3%) and cosmopolitan species found only in temperate and 
warm waters (11%). In addition, three species of polychaetes are considered as 
invasive species in the Mediterranean Sea: Hydroides elegans (2 specimens), Pista cf. 
unibranchia (34 specimens) and Pseudopolydora paucibranchiata (470 specimens). 
8) Four polychaeta assemblages have been determined following the multivariate 
statistical analyses: 
• Assemblage 1, inside Cartagena basin (highly polluted zone): M. heterochaeta, 
Chaetozone sp. 1 and Aphelochaeta sp., which are considered as opportunistic 
species, were the most abundant species. Number of species and diversity were 
very low comparing with the rest of assemblages, and high concentrations of Cu and 
Zn in sediment were recorded. 
• Assemblage 2, near to the mouth of Cartagena basin and inside Escombreras 
(moderately polluted zone): the most abundant opportunistic species were different 
from assemblage 1, P. fallax and P. deltaicus. Number of species and diversity were 
higher than assemblage 1, and heavy metals concentrations in sediment were lower 
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• Assemblage 3, in the outer harbour but near the basins (transition zone): 
opportunistic species were present in lower number and tolerant and indifferent 
species were more abundant: A. bilineata, P. deltaicus, C. dunerificta y E. vittata. 
Number of species and diversity values were similar to assemblage 4. Low 
concentrations of heavy metals in sediment were recorded, like assemblage 4. 
• Assemblage 4, deeper external stations (less polluted zone): more abundance of 
sensitive and indifferent species. M. minuta, P. paradoxa, Lumbrineris sp. and 
Euchone sp. were more abundant. 
9) Environmental factors that seem to influence the polychaete distribution in Cartagena 
harbour were: heavy metals in sediment (particularly Cu, Ni and Zn), depth and C:N 
ratio in sediment. 
10) The most abundant and frequent families of polychaetes usually found in harbours were: 
Cirratulidae, Capitellidae and Spionidae. The species vary from one port to another due 
to their specific characteristics and geographic distribution. 
11) The study of polychaete taxocene in harbours should be essential to evaluate the 
environmental quality, and also may be useful in the application of European legislation 
(e.g. WFD). Therefore, the study of polychaetes should be included in the future 
monitoring programmes of the ports. Thus, a biological quality monitoring network has 
been proposed in Cartagena harbour, including a total of 10 sampling stations 
distributed according to the different zones of the harbour. 
12) Regarding to the study of heavy metals in Nephtys jaws, it seems that the Cu, Zn and 
Fe values varied according to their environmental content and different locations. 
In addition, the following future works can be carried out after the conclusion of this PhD: 
• More detailed taxonomic studies on potential new species or new reports of polychaete 
species. 
• List of the most frequent species, and list of synonyms and non valid species names in 
the Spanish ports. 
• Ecological research on specific polychaete species in order to investigate their behave 
with several contaminants. 
• More detailed studies on heavy metal in Nephtys jaws, including a wide range of 
sampling localities with different heavy metals concentrations, and population analyses 
of several Nephtys species. 




Una vez concluida la realización de la tesis titulada “Estudio de la taxocenosis de poliquetos 
como parte de la evaluación de la calidad ambiental en el Puerto de Cartagena, Murcia 
(España)” se han obtenido las siguientes conclusiones que contestan a los objetivos 
planteados previamente: 
1) El Puerto de Cartagena es un área que presenta un gradiente de contaminación entre 
la zona interna y la zona externa de mayor a menor, propio de los ambientes portuarios. 
No se han observado en ninguno de los periodos de muestreo condiciones de anoxia 
del agua cercana al fondo y en general, el contenido de nutrientes y clorofila A en el 
agua cercana al fondo no son muy elevados. Los máximos niveles de clorofila A se 
observan en el mes de Febrero cuando los valores de fosfatos y nitratos son los más 
bajos. Se ha observado un elevado contenido de metales pesados en los sedimentos 
dentro de las dársenas, siendo sus concentraciones más elevadas dentro de la 
dársena de Cartagena. Los sedimentos de esta dársena pueden ser perjudiciales para 
los organismos que viven en ellos debido a sus altas concentraciones en Hg, Cu y Zn 
entre otros. Los valores obtenidos para PAHs en sedimentos no han sido muy elevados. 
2) Se han estudiado un total de 10.199 ejemplares de macrobentos recogidos en los 
cuatro periodos de muestreo. Los tres grupos taxonómicos más abundantes en el 
bentos del puerto han sido poliquetos (76%), moluscos (16%) y crustáceos (3%), 
siendo así los poliquetos el grupo mayoritario. Los poliquetos y moluscos son, en 
general, más abundantes en el interior de las dársenas. En cambio los crustáceos 
presentan mayores abundancias en la zona exterior a las dársenas. 
3) Se han identificado un total de 7829 ejemplares de poliquetos pertenecientes a 150 
taxones y a 38 familias distintas de poliquetos (131 especies de las cuales 41 sólo han 
sido identificadas a nivel de género, y 18 taxones sólo identificados a nivel de familia). 
Las familias más abundantes en el puerto son, en orden de mayor a menor: 
Cirratulidae, Spionidae, Sabellidae, Capitellidae y Paraonidae. Se ha elaborado un 
listado taxonómico detallado con las especies y géneros (cuando no ha sido posible la 
identificación a nivel de especie) presentes en el puerto de Cartagena. En este listado 
se han añadido las publicaciones que han servido de referencia para la identificación 
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4) Se ha encontrado una nueva especie de cirratúlido (Chaetozone sp. 1.) presente 
también en las islas británicas que será descrita por especialistas de ese país. También 
podrían encontrarse otras especies de poliquetos nuevas en el puerto una vez 
estudiados en profundidad otros ejemplares de varias familias como Gallardoneris sp., 
Lumbrineris sp., Pseudofabriciola sp., entre otros. 
5) Las especies de poliquetos más abundantes del puerto del Cartagena son: Monticellina 
heterochaeta (25,4 %, 1988 ejemplares), Prionospio fallax (6,6%, 519 ejemplares), 
Aphelochaeta sp. (6,6%, 517 ejemplares), Pseudopolydora paucibranchiata (6,0%, 470 
ejemplares), Cirrophorus furcatus (4,0%, 315 ejemplares), Chaetozone sp. 1 (3,2%, 
252 ejemplares), Pseudomastus deltaicus (3,1%, 240 ejemplares) y Amphicorina sp. 1 
(2,6 %, 201 ejemplares). Las tres primeras especies son también las más frecuentes en 
la zona de estudio: Monticellina heterochaeta (81,5% de las estaciones), Aphelochaeta 
sp. (66,7%) y Prionospio fallax (65,4%). 
6) Se ha observado un gradiente, al igual que el de contaminación, en los parámetros 
poblacionales, especies presentes, grupos funcionales (tróficos y ecológicos) en el 
puerto de Cartagena:  
 Dentro de dársenas: bajo número de especies y de diversidad, y elevada 
abundancia de especies sedimentívoras y excavadoras, y de especies oportunistas 
ó tolerantes a la contaminación. 
 Zona exterior: alta riqueza y diversidad de especies, de grupos tróficos y de 
especies sensibles a la contaminación en la zona exterior del puerto. 
7) La mayoría de las especies de poliquetos son de distribución Atlanto-Mediterránea 
(30,1 %) y Circumglobal (17%). El porcentaje de especies cosmopolitas y cosmopolitas 
en aguas templadas y cálidas también es, en conjunto, alto (12,3 % y 11% 
repectivamente). Por otro lado, al menos tres especies son consideradas como 
invasoras en el Mar Mediterráneo: Hydroides elegans (2 individuos), Pista cf. 
unibranchia (34 ejemplares) y Pseudopolydora paucibranchiata (470 ejemplares). 
8) Según los diferentes análisis estadísticos multivariantes realizados, se han 
determinado cuatro comunidades o grupos de poliquetos en el puerto de Cartagena: 
• Interior dársena de Cartagena (zona altamente contaminada), constituido por las 
estaciones 2 y 4. Las especies más abundantes en este grupo son consideradas 
como oportunistas: M. heterochaeta, Chaetozone sp. 1 y Aphelochaeta sp. El 
número de especies y diversidad en este grupo son más bajos que el resto de 
grupos. Alta concentración de metales pesados en la zona, especialmente Cu y Zn. 
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• Cercano a bocana de dársena de Cartagena e interior de Escombreras (zona 
moderadamente contaminada), constituido por las estaciones 6, 7, 14, 9 y 11. Las 
especies encontradas en este grupo también son consideradas como oportunistas. 
Sin embargo, las especies más abundantes de este grupo son distintas al anterior 
grupo: P. fallax and P. deltaicus. Mayor número de especies y diversidad que el 
grupo anterior. Menores concentraciones de metales pesados en sedimentos de 
esta zona. 
• Zona exterior cercana a dársenas (zona de transición): estaciones 15, 17 y 12. Las 
especies más abundantes de esta zona son la mayoría tolerantes o indiferentes a la 
contaminación, y los oportunistas están presentes en menor densidad: A. bilineata, 
P. deltaicus, C. dunerificta y E. vittata. Mayor diversidad de especies de poliquetos y 
similar número de especies que la zona exterior. Los valores de metales pesados en 
sedimentos son también similares a la zona exterior. 
• Zona exterior constituida por estaciones más profundas (más de 30 m) (zona 
exterior): estaciones 19, 10, 3, 22, 23, 24, 25 y REF. Las especies con mayor 
abundancia son especies indiferentes o sensibles a la contaminación: M. minuta, P. 
paradoxa, Lumbrineris sp. y Euchone sp. 
Por otro lado dos estaciones no se agruparon en ninguno de los grupos anteriormente 
descritos en ninguno de los periodos de muestreo. La estación SR a la salida de 
rambla cerca de muelles presenta una alta densidad Capitella sp. y Cirriformia sp 
mucho más elevada al resto de estaciones. En esta estación, los organimos vivían 
entre restos y basura. La estación 8 muy cerca del llamado muelle de los fertilizantes y 
con altas concentraciones de metales pesados, presentaba muy pocos individuos (de 3 
a 8) y especies en todos los muestreos. 
9) Las variables ambientales medidas en este estudio que parecen influir en la 
distribución de poliquetos en el puerto de Cartagena son: metales pesados 
(especialmente Cu, Ni y Zn), profundidad y la proporción C/N. 
10) Las familias de poliquetos que suelen ser las más abundantes y están presentes en 
general en los puertos son: Cirratulidae, Capitellidae y Spionidae. Las especies varían 
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11) El estudio de la taxocenosis de poliquetos en zonas portuarias puede ser fundamental 
para la evaluación de la calidad ecológica en las aguas portuarias, en general, y en 
particular para la aplicación de la legislación Europea (Directiva Marco del Agua). Por 
ello, se recomienda su inclusión en los próximos muestreos programados del puerto. 
Así, se ha propuesto una red de muestreo de comunidades bentónicas en el puerto de 
Cartagena con las estaciones más representativas o problemáticas de los cuatro 
periodos de muestreo de este proyecto, con un total de 10 estaciones de muestreo 
distribuidas según las diferentes zonas del puerto. 
12) Después del estudio preliminar de metales pesados en mandíbulas de especies del 
género Nephtys se ha observado que podría haber un contenido en algunos metales 
(Cu, Zn y Fe) diferentes según la zona o hábitats de las distintas especies. 
Además, se indican los futuros investigaciones que se podrían desarrollar una vez concluida 
esta tesis como son: 
• Estudios taxonómicos en más detalle de las posibles nuevas especies o citas de 
poliquetos en el puerto de Cartagena. 
• Elaboración de un listado de las especies más frecuentes y de sinónimos y nombres no 
válidos de especies de poliquetos de los puertos en España para posteriores estudios 
en dichas zonas portuarias. 
• Realización de estudios ecológicos específicos de especies determinadas de 
poliquetos en el puerto de Cartagena. 
• Continuación del estudio preliminar de metales pesados en mandíbulas de Nephtys con 
la inclusión de zonas con distintas concentraciones de metales pesados conjunto el 
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Table A.II. Macrobenthos abundance (nº individues) (---- = Not taken sample) 
Phyllum Annelida 
Class Polychaeta sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 168 163 78 0 64 61 3 65 98 18 26 ---- 31 
February 131 227 31 82 114 99 387 16 99 159 49 98 106 71 
June ---- 142 56 83 274 45 406 3 58 95 14 49 82 113 
October (3 replicates) ---- 1156 265 230 ---- 338 241 ---- 485 ---- ---- 81 ---- 217 
Total by station 131 1693 515 473 388 546 1095 22 707 352 81 254 188 432 
Phyllum Mollusca 
 
sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 61 14 21 0 6 4 0 20 9 4 2 ---- 8 
February 3 16 0 6 5 13 10 12 8 4 1 1 9 0 
June ---- 41 12 13 99 21 22 0 8 2 3 0 10 11 
October (3 replicates) ---- 410 147 412 ---- 13 33 ---- 79 ---- ---- 1 ---- 7 
Total by station 3 528 173 452 104 53 69 12 115 15 8 4 19 26 
Phyllum Arthropoda 
Superclass 
Crustacea sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 1 5 4 7 1 0 6 2 1 ---- 3 
February 0 0 0 0 11 2 3 4 6 1 14 0 5 1 
June ---- 5 2 0 3 6 8 2 3 6 10 3 7 12 
October (3 replicates) ---- 4 3 1 ---- 5 9 ---- 3 ---- ---- 9 ---- 7 
Total by station 0 9 5 2 19 17 27 7 12 13 26 13 12 23 
Phyllum Phoronida 
 sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 10 8 0 0 0 0 0 0 0 0 ---- 0 
February 0 0 5 16 0 0 2 0 0 0 0 0 0 0 
June ---- 2 11 46 0 0 0 0 1 0 0 0 0 0 
October (3 replicates) ---- 12 71 71 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 




 sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 0 ---- 0 
February 0 0 0 0 0 0 0 0 0 0 4 0 0 0 
June ---- 0 0 0 0 67 0 0 0 0 0 0 0 0 
October (3 replicates) ---- 0 0 0 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 
Total by station 0 0 0 0 0 67 0 0 0 0 4 0 0 0 
Phyllum Nematoda 
 sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 2 ---- 0 
February 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
June ---- 0 0 0 0 0 0 0 0 0 0 0 0 0 
October (3 replicates) ---- 0 0 0 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 
Total by station 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Phyllum Arthropoda 
Superclass 
Pygnogonida sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 0 ---- 0 
February 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
June ---- 0 0 0 0 0 0 0 0 0 0 0 0 0 
October (3 replicates) ---- 0 0 0 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 
Total by station 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
Phyllum Echinodermata 
Order Ophiuroidea sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 0 ---- 0 
February 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
June ---- 0 0 0 0 0 0 0 0 0 0 0 0 0 
October (3 replicates) ---- 0 0 0 ---- 0 0 ---- 0 ---- ---- 1 ---- 0 
Total by station 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
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Phyllum Echinodermata 
Order Echinoidea sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 0 ---- 0 
February 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
June ---- 0 0 0 0 0 0 0 0 0 0 0 0 0 
October (3 replicates) ---- 0 0 0 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 
Total by station 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllum Echinodermata 
Order Holoturioidea sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 0 ---- 0 
February 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
June ---- 0 0 0 0 0 0 0 0 0 0 0 0 2 
October (3 replicates) ---- 1 0 0 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 
Total by station 0 1 0 0 0 0 0 0 0 0 0 0 0 2 
Phyllum Cnidaria 
Order Actiniaria sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 0 ---- 0 
February 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
June ---- 0 0 0 0 0 0 0 0 0 0 0 0 0 
October (3 replicates) ---- 0 0 5 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 
Total by station 0 0 0 5 0 0 0 0 2 0 0 0 0 0 
Phyllum Cnidaria 
Class Hydrozoa sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 0 ---- 0 
February 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
June ---- 2 0 0 0 0 0 0 0 0 0 0 0 0 
October (3 replicates) ---- 1 0 0 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 
Total by station 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
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Phyllum Cnidaria 
Class Scyphozoa sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 0 ---- 0 
February 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
June ---- 0 0 0 0 0 0 0 0 0 1 0 0 0 
October (3 replicates) ---- 0 0 0 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 
Total by station 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Phyllum Annelida 
Class Oligochaeta sr 1 2 4 7 11 6 8 9 14 15 12 10 17 
December ---- 0 0 0 0 0 0 0 0 0 0 0 ---- 0 
February 7 0 0 0 0 7 0 0 0 0 0 0 0 0 
June ---- 1 1 0 1 0 0 0 0 0 0 0 0 0 
October (3 replicates) ---- 5 3 1 ---- 0 0 ---- 0 ---- ---- 0 ---- 0 




Table A.II. (Continuation) Macrobenthos abundance (nº individues) (---- = Not taken sample) 
Phyllum Annelida 
Class Polychaeta 25 22 23 19 3 24 ref Total by month 
December 
 26 ---- ---- 62 ---- ---- 863 
February 34 70 54 98 71 50 ---- 2046 
June 41 36 39 71 67 47 50 1771 
October (3 replicates) 
---- ---- ---- ---- 136 ---- ---- 3149 
Total by station 75 132 93 169 336 97 50  
Phyllum Mollusca 
 25 22 23 19 3 24 ref Total by month 
December 
---- 14 ---- ---- 7 ---- ---- 170 
February 3 1 6 10 1 6 ---- 115 
June 3 2 0 6 4 16 4 277 
October (3 replicates) 
---- ---- ---- ---- 19 ---- ---- 1121 




Crustacea 25 22 23 19 3 24 ref Total by month 
December 
---- 2 ---- ---- 2 ---- ---- 34 
February 1 1 5 4 0 4 ---- 62 
June 0 7 0 26 6 10 2 118 
October (3 replicates) 
---- ---- ---- ---- 10 ---- ---- 51 
Total by station 1 10 5 30 18 14 2 
 
Phyllum Phoronida 
 25 22 23 19 3 24 ref Total by month 
December 
---- 0 ---- ---- 0 ---- ---- 18 
February 0 0 0 0 0 3 ---- 26 
June 0 0 0 0 0 0 0 60 
October (3 replicates) 
---- ---- ---- ---- 0 ---- ---- 154 
Total by station 0 0 0 0 0 3 0 
 
 




 25 22 23 19 3 24 ref Total by month 
December 
---- 4 ---- ---- 0 ---- ---- 4 
February 0 0 0 0 0 0 ---- 4 
June 0 0 2 0 1 2 3 75 
October (3 replicates) 
---- ---- ---- ---- 2 ---- ---- 2 
Total by station 0 4 2 0 3 2 3 
 
Phyllum Nematoda 
 25 22 23 19 3 24 ref Total by month 
December 
---- 6 ---- ---- 0 ---- ---- 8 
February 0 0 0 9 0 0 ---- 9 
June 1 1 0 0 0 0 0 2 
October (3 replicates) 
---- ---- ---- ---- 0 ---- ---- 0 
Total by station 1 7 0 9 0 0 0  
Phyllum Arthropoda 
Superclass 
Pygnogonida 25 22 23 19 3 24 ref Total by month 
December 
---- 0 ---- ---- 0 ---- ---- 0 
February 0 0 0 0 0 0 ---- 2 
June 0 0 0 0 0 0 0 0 
October (3 replicates) 
---- ---- ---- ---- 0 ---- ---- 0 
Total by station 0 0 0 0 0 0 0  
Phyllum Echinodermata 
Order Ophiuroidea 25 22 23 19 3 24 ref Total by month 
December 
---- 0 ---- ---- 0 ---- ---- 0 
February 0 0 1 3 1 1 ---- 7 
June 0 0 0 0 2 2 0 4 
October (3 replicates) 
---- ---- ---- ---- 1 ---- ---- 2 
Total by station 0 0 1 3 4 3 0  
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Phyllum Echinodermata 
Order Echinoidea 25 22 23 19 3 24 ref Total by month 
December 
---- 0 ---- ---- 0 ---- ---- 0 
February 0 0 0 1 0 0 ---- 1 
June 0 0 0 0 0 0 0 0 
October (3 replicates) 
---- ---- ---- ---- 0 ---- ---- 0 
Total by station 0 0 0 1 0 0 0  
Phyllum Echinodermata 
Order Holoturioidea 25 22 23 19 3 24 ref Total by month 
December 
---- 0 ---- ---- 0 ---- ---- 0 
February 0 1 0 0 0 0 ---- 1 
June 0 0 0 0 0 0 1 3 
October (3 replicates) 
---- ---- ---- ---- 0 ---- ---- 1 
Total by station 0 1 0 0 0 0 1  
Phyllum Cnidaria 
Order Actiniaria 25 22 23 19 3 24 ref Total by month 
December 
---- 0 ---- ---- 0 ---- ---- 0 
February 0 0 0 0 0 0 ---- 2 
June 0 0 0 0 0 0 0 0 
October (3 replicates) 
---- ---- ---- ---- 0 ---- ---- 5 
Total by station 0 0 0 0 0 0 0  
Phyllum Cnidaria 
Class Hydrozoa 25 22 23 19 3 24 ref Total by month 
December 
---- 0 ---- ---- 0 ---- ---- 0 
February 0 0 0 0 0 0 ---- 0 
June 0 0 0 0 0 0 0 2 
October (3 replicates) 
---- ---- ---- ---- 0 ---- ---- 1 
Total by station 0 0 0 0 0 0 0  
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Phyllum Cnidaria 
Class Scyphozoa 25 22 23 19 3 24 ref Total by month 
December 
---- 0 ---- ---- 0 ---- ---- 0 
February 0 0 0 0 0 0 ---- 0 
June 0 0 0 0 0 0 0 1 
October (3 replicates) 
---- ---- ---- ---- 0 ---- ---- 0 
Total by station 0 0 0 0 0 0 0  
Phyllum Annelida 
Class Oligochaeta 25 22 23 19 3 24 ref Total by month 
December 
---- 0 ---- ---- 0 ---- ---- 0 
February 0 0 0 2 0 0 ---- 16 
June 0 0 0 0 0 0 0 3 
October (3 replicates) 
---- ---- ---- ---- 0 ---- ---- 9 






















Table A.III. 1. Polychaete species abundance (nº individues) December 2003 
  
1d 2d 4d 6d 7d 8d 9d 11d 12d 3d 14d 15d 22d 17d 
Abyssoninoe sp. 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
Aglaophamus malmgreni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ampharete sp. 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Ampharetidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Amphicorina sp.1 1 0 0 0 0 0 3 1 1 0 7 0 1 1 
Amphictene auricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aonides oxycephala 0 0 0 2 0 0 0 4 0 0 0 0 0 0 
Aphelochaeta sp.  3 14 10 3 0 0 5 2 0 0 3 0 0 0 
Apistobranchus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aponuphis bilineata 0 0 0 2 0 0 0 0 4 0 2 1 0 3 
Aponuphis cf. fauveli 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
Aricidea catherinae 0 0 0 0 0 0 0 0 1 0 1 0 2 0 
Aricidea cerrutii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea claudiae 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Aricidea mutabilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea pseudoarticulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea quadrilobata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bispira viola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Capitella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Capitellidae indet. 0 0 0 0 0 0 0 2 0 0 0 0 0 1 
Caulleriella cf. alata 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Chaetopteridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chaetozone gibber 1 0 2 0 0 0 1 0 0 0 2 0 0 0 
Chaetozone sp. 2. 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
Chaetozone sp. 1 2 4 6 0 0 0 0 0 0 2 2 0 0 0 
Chone acustica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone arenicola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone collaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 242 
 
1d 2d 4d 6d 7d 8d 9d 11d 12d 3d 14d 15d 22d 17d 
Chone dunerificta 0 1 0 1 0 0 1 1 2 0 14 6 1 2 
Chone sp. 1 0 0 0 0 0 1 0 0 0 0 5 0 0 0 
Chone sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone sp.  0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Chone cf. usticensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chrysopetalum debile 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirratulidae indet. 28 5 0 4 0 0 10 0 0 1 2 0 0 0 
Cirratulus sp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirriformia sp. 0 3 3 0 0 0 0 0 0 0 0 0 0 0 
Cirrophorus branchiatus 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Cirrophorus furcatus 43 9 0 0 0 0 2 3 0 0 0 0 0 0 
Clymene sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cossura soyeri 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Demonax sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dipolydora sp. 1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 
Dorvillea sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dorvilleidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drilonereis filum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eteone sp.  0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Euchone sp. 0 0 0 0 0 0 0 0 0 0 5 0 0 1 
Eumida sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eunice vittata 7 2 0 1 0 0 1 2 4 0 3 0 1 0 
Exogone naidina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exogone rostrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exogone verugera 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Fabricinae indet.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Flabelligeridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Galathowenia oculata 0 0 0 0 0 0 2 0 0 1 1 0 0 1 
Gallardoneris sp. 0 0 0 0 0 0 0 1 1 0 2 2 0 0 
 243 
 
1d 2d 4d 6d 7d 8d 9d 11d 12d 3d 14d 15d 22d 17d 
Glycera unicornis 0 0 0 1 0 1 0 0 0 1 0 0 1 0 
Goniada hexadentes 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Haplosyllis spongicola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Harmothoe sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Harmothoe spinifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Heteromastus filiformis 1 1 1 0 0 0 0 0 0 0 1 0 0 0 
Hydroides elegans 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jasmineira sp. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Laonice bahusiensis 0 0 0 0 0 0 0 0 0 0 2 1 1 0 
Pseudomastus deltaicus 0 1 0 1 0 0 1 9 0 0 1 1 0 1 
Levinsenia gracilis 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Lumbrineridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lumbrineriopsis cf. paradoxa 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Lumbrineris sp. 1 0 0 0 0 0 1 2 0 10 2 0 0 4 
Lysidice ninetta 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Magelona minuta 0 0 0 0 0 0 0 0 0 8 2 1 2 0 
Malacoceros sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marphysa belli 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Mediomastus sp. 0 0 0 0 0 0 1 1 1 0 5 0 3 1 
Megalomma sp.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Melinna palmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Micronephtys maryae 0 0 0 0 0 0 1 0 0 0 1 0 0 0 
Monticellina heterochaeta 71 117 49 13 0 0 10 25 0 8 21 0 1 0 
Neanthes caudata 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Nematonereis unicornis 0 0 0 0 0 0 0 0 1 1 0 1 1 0 
Nephtys incisa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nephtys kersivalensis 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
Nepthys sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Notomastus sp. 0 1 1 0 0 0 0 0 3 0 1 0 0 1 
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1d 2d 4d 6d 7d 8d 9d 11d 12d 3d 14d 15d 22d 17d 
Onuphidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Opheliidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ophiodromus flexuosus 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Owenia fusiformis 0 0 0 0 0 0 1 0 0 1 0 0 0 1 
Owenidae indet. 0 0 0 1 0 0 0 0 1 0 0 0 0 0 
Paradoneis drachi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradoneis lyra 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
Paraehlersia ferrugina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paralacydonia paradoxa 0 0 0 0 0 0 0 0 1 2 0 0 3 5 
Paraonidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parapionosyllis brevicirra 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Parapionosyllis minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraprionospio sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pectinaria sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Peresiella clymenoides 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Phyllodoce cf. mucosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllodoce lineata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllodoce sp. 0 1 0 2 0 0 0 0 0 0 0 1 0 0 
Phyllodocidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pista cf. unibranchia 0 0 0 0 0 0 1 0 0 0 1 0 0 0 
Pista cristata 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Poecilochaetus serpens 0 0 0 0 0 0 1 0 0 0 1 0 0 0 
Poecilochaetus sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polynoidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polyophthalmus pictus 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Pomatoceros sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prionospio fallax 7 1 3 10 0 0 20 6 0 7 3 0 0 0 
Prionospio sp. 0 0 0 0 0 0 1 0 0 3 0 0 0 0 
Proclea cf. graffi 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
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1d 2d 4d 6d 7d 8d 9d 11d 12d 3d 14d 15d 22d 17d 
Protodorvillea kefersteini 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudofabriciola sp. 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 
Pseudopolydora paucibranchiata 3 1 1 5 0 0 1 0 0 0 1 0 0 0 
Pseudopolydora pulchra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabellaridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabellidae indet.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabellides sp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Scolelepis sp. 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Scoloplos typica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigalionidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigambra parva 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Sosane sulcata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerosyllis glandulata 0 0 0 8 0 0 0 1 0 0 0 0 0 0 
Sphaerosyllis hystrix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerosyllis taylori 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spio decoratus 0 0 0 0 0 0 0 0 1 0 2 0 0 0 
Spio filicornis 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Spiochaetopterus solitarius 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Spionidae indet. 0 0 0 0 0 0 1 0 0 0 0 2 1 0 
Spiophanes afer 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Sternaspis scutata 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Sthenelais cf. ctenolepis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllides japonicus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllides sp. 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Syllidia armata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllis armillaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllis gracilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllis sp. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Terebellidae indet. 0 0 0 1 0 0 0 2 0 0 0 0 1 0 
 246 
 
1d 2d 4d 6d 7d 8d 9d 11d 12d 3d 14d 15d 22d 17d 
Terebellides cf. stroemi 0 0 0 0 0 0 0 0 1 0 0 0 2 1 
Tharyx sp. 0 0 0 0 0 0 0 0 0 2 0 0 1 0 
Timarete sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trypanosyllis zebra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vermiliopsis infundibulum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vermiliopsis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
Table A.III. 2. Polychaete species abundance (nº individues) February 2004 
 1f 2f 4f 6f 7f SRf 8f 9f 11f 12f 25f 19f 10f 3f 14f 15f 22f 23f 17f 24f 
Abyssoninoe sp. 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 
Aglaophamus malmgreni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ampharete sp. 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 
Ampharetidae indet. 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 
Amphicorina sp.1 3 0 0 4 8 0 3 7 11 1 0 0 7 0 11 0 1 2 7 2 
Amphictene auricoma 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 
Aonides oxycephala 0 0 0 0 0 0 0 6 4 1 0 0 0 0 0 0 0 0 0 0 
Aphelochaeta sp.  10 1 18 30 6 0 0 11 2 5 2 0 2 8 3 0 0 0 3 0 
Apistobranchus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aponuphis bilineata 0 0 0 0 1 0 0 0 0 3 0 0 1 0 2 0 0 0 1 5 
Aponuphis cf. fauveli 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0 1 5 3 0 0 
Aricidea catherinae 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 
Aricidea cerrutii 0 0 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea claudiae 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 
Aricidea mutabilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea pseudoarticulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Aricidea quadrilobata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Bispira viola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Capitella sp. 0 0 0 0 0 108 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Capitellidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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 1f 2f 4f 6f 7f SRf 8f 9f 11f 12f 25f 19f 10f 3f 14f 15f 22f 23f 17f 24f 
Caulleriella cf. alata 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 
Chaetopteridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Chaetozone gibber 0 0 0 1 0 0 0 0 0 1 0 1 1 1 2 0 0 1 0 0 
Chaetozone sp. 2. 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Chaetozone sp. 1 0 2 14 14 4 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 
Chone acustica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Chone arenicola 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone collaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone dunerificta 0 0 0 0 3 0 0 1 4 1 0 0 0 0 7 18 0 1 7 1 
Chone sp. 1 0 0 0 0 0 0 0 1 1 1 0 0 1 0 1 0 0 0 0 0 
Chone sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone sp.  0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 
Chone cf. usticensis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Chrysopetalum debile 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Cirratulidae indet. 0 6 2 2 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 
Cirratulus sp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirriformia sp. 0 0 1 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirrophorus branchiatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirrophorus furcatus 15 0 1 2 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 
Clymene sp. 0 0 0 0 1 0 0 2 0 0 0 0 3 0 0 1 0 1 0 0 
Cossura soyeri 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 
Demonax sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dipolydora sp. 1 2 0 0 2 0 0 0 0 0 3 0 0 0 1 0 0 0 0 0 0 
Dorvillea sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dorvilleidae indet. 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 
Drilonereis filum 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 
Eteone sp.  0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euchone sp. 1 0 0 0 0 0 1 1 1 5 1 1 13 1 5 3 13 8 20 2 
Eumida sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eunice vittata 7 0 0 0 0 0 0 3 5 8 1 1 1 0 2 1 1 3 7 0 
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 1f 2f 4f 6f 7f SRf 8f 9f 11f 12f 25f 19f 10f 3f 14f 15f 22f 23f 17f 24f 
Exogone naidina 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
Exogone rostrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exogone verugera 0 0 0 0 0 0 0 0 0 1 0 0 2 1 1 1 0 0 1 0 
Fabricinae indet.  0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Flabelligeridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Galathowenia oculata 0 0 0 2 1 0 0 5 9 6 0 1 1 0 23 0 0 1 3 0 
Gallardoneris sp. 0 0 0 0 0 0 0 0 1 0 1 0 1 1 1 1 1 0 2 0 
Glycera unicornis 1 0 0 3 1 0 0 2 1 0 0 1 0 0 1 0 1 0 0 1 
Goniada hexadentes 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 
Haplosyllis spongicola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Harmothoe sp. 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Harmothoe spinifera 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Heteromastus filiformis 1 0 0 0 1 0 0 0 0 2 0 1 1 0 0 0 0 0 0 0 
Hydroides elegans 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Jasmineira sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 
Laonice bahusiensis 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 
Pseudomastus deltaicus 1 0 0 3 0 0 1 1 9 7 2 2 4 0 7 0 2 2 1 0 
Levinsenia gracilis 0 0 0 0 0 0 0 0 0 0 0 23 1 3 0 0 0 0 0 1 
Lumbrineridae indet. 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 
Lumbrineriopsis cf. paradoxa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Lumbrineris sp. 0 0 0 0 1 0 0 0 3 1 0 4 7 9 1 1 8 0 0 1 
Lysidice ninetta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Magelona minuta 0 0 0 0 1 0 0 0 0 8 5 9 6 9 13 0 5 5 0 4 
Malacoceros sp. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
Marphysa belli 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Mediomastus sp. 1 1 0 1 11 0 0 2 1 7 0 0 3 0 6 0 0 0 0 3 
Megalomma sp. 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 
Melinna palmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Micronephtys maryae 0 0 0 1 1 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0 
Monticellina heterochaeta 5 20 41 119 17 1 1 1 4 10 4 5 18 9 33 1 2 1 1 0 
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 1f 2f 4f 6f 7f SRf 8f 9f 11f 12f 25f 19f 10f 3f 14f 15f 22f 23f 17f 24f 
Neanthes caudata 0 0 0 0 0 5 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Nematonereis unicornis 0 0 0 0 0 0 0 0 0 2 2 4 0 1 0 0 2 1 1 2 
Nephtys incisa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nephtys kersivalensis 0 0 0 0 0 0 0 0 0 0 0 3 1 0 4 0 1 0 0 0 
Nepthys sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Notomastus sp. 0 0 0 0 0 0 0 0 1 1 1 0 2 0 1 0 0 1 0 1 
Onuphidae indet. 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Opheliidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ophiodromus flexuosus 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Owenia fusiformis 0 0 0 0 3 0 0 2 0 1 0 0 0 0 0 0 0 1 4 0 
Owenidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradoneis drachi 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Paradoneis lyra 0 0 0 0 0 0 0 0 0 0 2 1 0 1 0 0 0 3 0 1 
Paraehlersia ferrugina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paralacydonia paradoxa 0 0 0 0 0 0 0 0 0 2 5 3 2 1 0 1 2 3 0 2 
Paraonidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parapionosyllis brevicirra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parapionosyllis minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraprionospio sp. 0 0 0 0 0 0 0 0 0 1 0 3 1 3 0 0 1 1 0 0 
Pectinaria sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Peresiella clymenoides 0 0 0 1 0 0 0 0 0 0 2 4 2 3 4 0 7 3 0 4 
Phyllodoce cf. mucosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllodoce lineata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllodoce sp. 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Phyllodocidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pista cf. unibranchia 0 0 0 0 0 0 0 3 1 2 0 0 0 0 1 4 1 0 1 2 
Pista cristata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
Poecilochaetus serpens 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 
Poecilochaetus sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Polynoidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
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 1f 2f 4f 6f 7f SRf 8f 9f 11f 12f 25f 19f 10f 3f 14f 15f 22f 23f 17f 24f 
Polyophthalmus pictus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pomatoceros sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prionospio fallax 20 0 0 9 8 0 1 22 22 0 1 0 1 8 1 1 1 1 0 1 
Prionospio sp. 0 0 0 0 1 0 0 3 0 0 0 0 3 0 0 0 0 2 0 0 
Proclea cf. graffi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Protodorvillea kefersteini 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudofabriciola sp. 1 2 0 0 4 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudopolydora paucibranchiata 156 0 3 175 15 2 8 7 7 1 0 1 0 0 19 4 0 0 0 0 
Pseudopolydora pulchra 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Sabellaridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabellidae indet.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabellides sp.  0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 3 
Scolelepis sp. 0 0 0 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 
Scoloplos typica 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigalionidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigambra parva 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 1 0 0 
Sosane sulcata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerosyllis glandulata 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 1 
Sphaerosyllis hystrix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerosyllis taylori 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Spio decoratus 1 0 0 1 5 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
Spio filicornis 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spiochaetopterus solitarius 0 0 0 0 0 0 0 6 0 1 0 5 0 0 0 1 7 1 2 3 
Spionidae indet. 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 
Spiophanes afer 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1 0 1 2 0 0 
Sternaspis scutata 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Sthenelais cf. ctenolepis 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
Syllides japonicus 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Syllides sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllidia armata 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 0 0 1 
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 1f 2f 4f 6f 7f SRf 8f 9f 11f 12f 25f 19f 10f 3f 14f 15f 22f 23f 17f 24f 
Syllis armillaris 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Syllis gracilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Terebellidae indet. 0 0 0 0 0 0 0 0 0 1 0 6 0 0 0 0 0 2 1 0 
Terebellides cf. stroemi 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 1 1 0 2 
Tharyx sp. 0 0 0 0 0 0 0 0 0 2 2 1 2 0 2 0 2 0 0 0 
Timarete sp. 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trypanosyllis zebra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vermiliopsis infundibulum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vermiliopsis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
Table A.III. 3. Polychaete species abundance (nº individues) June 2004 
  
1j 2j 4j 6j 7j 8j 9j 11j 12j 25j 19j 10j 3j 14j 15j 22j 23j 17j 24j REFj 
Abyssoninoe sp. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 
Aglaophamus malmgreni 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Ampharete sp. 0 0 0 0 1 0 1 1 3 0 0 3 0 0 0 2 1 4 4 0 
Ampharetidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphicorina sp.1 3 1 0 24 25 1 0 2 2 2 0 3 1 8 1 1 0 1 2 1 
Amphictene auricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aonides oxycephala 1 0 0 1 0 0 4 0 1 0 0 0 0 1 0 0 0 1 0 0 
Aphelochaeta sp.  18 6 15 3 3 0 2 3 0 0 1 5 1 0 0 0 0 1 0 1 
Apistobranchus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aponuphis bilineata 0 0 0 5 0 0 0 1 4 1 0 0 0 0 2 0 0 9 0 0 
Aponuphis cf. fauveli 0 0 0 0 0 0 0 0 0 1 1 3 0 2 0 0 0 1 1 0 
Aricidea catherinae 0 0 0 0 0 0 0 0 0 0 6 1 4 0 0 1 5 0 2 2 
Aricidea cerrutii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea claudiae 0 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 
Aricidea mutabilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea pseudoarticulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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1j 2j 4j 6j 7j 8j 9j 11j 12j 25j 19j 10j 3j 14j 15j 22j 23j 17j 24j REFj 
Aricidea quadrilobata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Bispira viola 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 
Capitella sp. 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Capitellidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Caulleriella cf. alata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chaetopteridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chaetozone gibber 1 0 3 0 7 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 
Chaetozone sp. 2. 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chaetozone sp. 1 4 2 6 0 12 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone acustica 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone arenicola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone collaris 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone dunerificta 0 0 0 11 25 0 0 1 1 2 0 1 0 18 1 0 0 2 0 0 
Chone sp. 1 0 0 0 2 6 0 0 0 0 0 0 3 0 4 0 0 1 0 0 0 
Chone sp. 2 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 
Chone sp.  0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
Chone cf. usticensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chrysopetalum debile 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirratulidae indet. 14 1 2 5 0 0 1 0 0 0 1 0 0 1 0 0 0 1 0 1 
Cirratulus sp.  0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirriformia sp. 1 9 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Cirrophorus branchiatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Cirrophorus furcatus 15 2 0 31 3 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 
Clymene sp. 0 0 0 0 0 0 4 0 0 0 0 1 0 0 0 0 1 1 0 0 
Cossura soyeri 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 
Demonax sp. 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dipolydora sp. 1 0 0 0 59 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dorvillea sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Dorvilleidae indet. 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
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1j 2j 4j 6j 7j 8j 9j 11j 12j 25j 19j 10j 3j 14j 15j 22j 23j 17j 24j REFj 
Drilonereis filum 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Eteone sp.  0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Euchone sp. 0 0 0 0 9 0 0 1 2 3 3 13 2 2 1 3 2 9 2 4 
Eumida sanguinea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eunice vittata 1 0 0 3 4 0 0 7 2 1 1 2 0 5 1 1 3 11 0 0 
Exogone naidina 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 3 0 0 
Exogone rostrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Exogone verugera 0 0 0 0 0 0 0 0 2 0 0 2 1 3 0 0 1 7 0 0 
Fabricinae indet.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Flabelligeridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Galathowenia oculata 2 0 0 6 27 0 5 1 0 0 2 3 3 14 0 2 0 1 2 0 
Gallardoneris sp. 0 0 0 0 2 0 0 0 1 0 0 0 0 3 1 1 1 3 2 0 
Glycera unicornis 1 0 0 1 1 0 0 0 0 0 2 0 0 1 0 0 1 1 2 1 
Goniada hexadentes 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Haplosyllis spongicola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Harmothoe sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Harmothoe spinifera 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
Heteromastus filiformis 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 
Hydroides elegans 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jasmineira sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 1 0 1 
Laonice bahusiensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
Pseudomastus deltaicus 4 0 1 5 0 0 3 1 2 0 0 1 0 1 0 0 0 3 0 0 
Levinsenia gracilis 0 0 0 0 0 0 0 0 0 0 1 1 6 0 0 0 0 1 0 7 
Lumbrineridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Lumbrineriopsis cf. paradoxa 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 
Lumbrineris sp. 1 0 0 5 0 0 1 2 0 2 11 11 9 0 1 5 1 0 6 1 
Lysidice ninetta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Magelona minuta 0 0 0 0 0 0 0 0 0 2 5 4 9 0 0 1 3 12 5 6 
Malacoceros sp. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 
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1j 2j 4j 6j 7j 8j 9j 11j 12j 25j 19j 10j 3j 14j 15j 22j 23j 17j 24j REFj 
Marphysa belli 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mediomastus sp. 1 0 0 0 4 0 1 0 1 2 3 2 1 0 0 0 1 6 0 0 
Megalomma sp. 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Melinna palmata 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Micronephtys maryae 0 0 0 1 5 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 
Monticellina heterochaeta 65 31 50 54 73 0 26 0 0 0 0 4 5 10 0 1 1 9 3 5 
Neanthes caudata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nematonereis unicornis 0 0 0 1 0 0 0 0 0 3 1 0 0 0 0 1 0 0 0 0 
Nephtys incisa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nephtys kersivalensis 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 
Nepthys sp. 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Notomastus sp. 0 0 0 0 0 0 0 0 0 3 1 1 0 0 0 0 0 0 1 0 
Onuphidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Opheliidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Ophiodromus flexuosus 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Owenia fusiformis 0 0 0 1 2 0 1 3 0 0 0 0 0 4 0 2 0 3 0 1 
Owenidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradoneis drachi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradoneis lyra 0 0 0 6 0 0 0 0 0 0 3 1 0 0 0 0 1 0 2 2 
Paraehlersia ferrugina 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paralacydonia paradoxa 0 0 0 1 0 0 0 0 0 5 8 1 2 0 0 3 1 1 5 1 
Paraonidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
Parapionosyllis brevicirra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parapionosyllis minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paraprionospio sp. 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Pectinaria sp. 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Peresiella clymenoides 0 0 0 0 2 0 0 0 0 4 2 1 5 0 0 0 0 0 0 6 
Phyllodoce cf. mucosa 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllodoce lineata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 255 
 
1j 2j 4j 6j 7j 8j 9j 11j 12j 25j 19j 10j 3j 14j 15j 22j 23j 17j 24j REFj 
Phyllodoce sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllodocidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 
Pista cf. unibranchia 0 0 0 0 3 0 0 1 1 0 0 1 0 0 0 0 0 2 0 0 
Pista cristata 0 0 0 34 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Poecilochaetus serpens 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 1 3 1 0 0 
Poecilochaetus sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polynoidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polyophthalmus pictus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pomatoceros sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Prionospio fallax 1 0 0 12 9 0 3 2 4 0 1 0 4 3 0 1 0 0 0 2 
Prionospio sp. 0 0 0 1 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 
Proclea cf. graffi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Protodorvillea kefersteini 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudofabriciola sp. 1 0 0 0 7 0 0 0 0 0 0 0 0 0 5 0 1 1 0 0 0 
Pseudopolydora paucibranchiata 7 1 0 26 8 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 
Pseudopolydora pulchra 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabellaridae indet. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Sabellidae indet.  0 0 0 0 0 0 1 0 2 2 1 0 0 1 0 0 0 0 1 0 
Sabellides sp.  0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 1 0 0 1 0 
Scolelepis sp. 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 
Scoloplos typica 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigalionidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigambra parva 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Sosane sulcata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Sphaerosyllis glandulata 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 
Sphaerosyllis hystrix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Sphaerosyllis taylori 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 
Spio decoratus 0 0 0 0 8 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Spio filicornis 0 0 0 0 4 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
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1j 2j 4j 6j 7j 8j 9j 11j 12j 25j 19j 10j 3j 14j 15j 22j 23j 17j 24j REFj 
Spiochaetopterus solitarius 0 0 0 43 1 0 1 0 1 0 2 1 1 0 0 0 0 6 0 2 
Spionidae indet. 1 0 0 2 0 0 0 0 0 0 0 2 0 0 1 0 0 1 0 0 
Spiophanes afer 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 
Sternaspis scutata 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Sthenelais cf. ctenolepis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllides japonicus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllides sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllidia armata 0 0 0 3 0 0 0 4 0 0 0 0 0 0 0 0 0 1 0 0 
Syllis armillaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllis gracilis 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Terebellidae indet. 0 0 0 33 2 0 0 1 0 0 0 3 0 1 0 1 0 0 0 0 
Terebellides cf. stroemi 0 0 0 0 0 0 0 0 2 0 1 0 0 0 1 0 0 0 0 1 
Tharyx sp. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 
Timarete sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trypanosyllis zebra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Vermiliopsis infundibulum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Vermiliopsis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
 
 257 
























































Abyssoninoe sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 
Aglaophamus malmgreni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ampharete sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 1 0 
Ampharetidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphicorina sp.1 1 2 2 1 1 3 0 0 0 3 0 10 0 3 0 4 4 5 0 1 1 0 0 0 0 0 0 
Amphictene auricoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Aonides oxycephala 0 0 1 0 0 0 0 0 0 0 0 0 2 2 7 8 4 6 0 0 0 0 0 0 0 1 1 
Aphelochaeta sp.  29 73 16 8 7 21 2 7 12 4 0 18 16 54 12 14 0 7 0 3 8 1 1 2 2 0 0 
Apistobranchus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Aponuphis bilineata 0 1 0 0 0 0 0 0 1 1 5 4 0 0 0 1 1 1 0 0 1 0 0 0 6 0 6 
Aponuphis cf. fauveli 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 
Aricidea catherinae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea cerrutii 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea claudiae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Aricidea mutabilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Aricidea pseudoarticulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aricidea quadrilobata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bispira viola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 51 11 
Capitella sp. 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Capitellidae indet. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Caulleriella cf. alata 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chaetopteridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chaetozone gibber 2 3 1 6 8 1 2 3 1 0 0 0 1 1 3 2 0 0 0 0 0 0 0 1 1 1 0 
Chaetozone sp. 2. 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 1 0 1 0 0 0 0 0 0 0 0 0 
Chaetozone sp. 1 11 11 15 38 14 12 18 12 11 0 0 1 8 10 7 1 0 0 0 0 0 1 0 0 0 0 0 
Chone acustica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone arenicola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

























































Chone dunerificta 0 1 1 0 0 0 0 1 0 1 0 2 1 0 0 0 0 1 0 4 0 0 0 0 0 0 0 
Chone sp. 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chone sp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Chone cf. usticensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chrysopetalum debile 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirratulidae indet. 2 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Cirratulus sp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirriformia sp. 3 27 14 1 0 10 4 8 15 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirrophorus branchiatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cirrophorus furcatus 55 62 47 0 1 0 0 1 1 1 6 0 0 0 2 1 1 4 0 0 0 0 0 0 0 0 0 
Clymene sp. 0 0 0 0 0 0 0 0 0 0 0 0 1 4 5 0 0 0 0 0 0 0 0 0 1 0 0 
Cossura soyeri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 
Demonax sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dipolydora sp. 1 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dorvillea sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 2 
Dorvilleidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Drilonereis filum 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Eteone sp.  0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Euchone sp. 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 1 0 0 0 0 0 
Eumida sanguinea 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eunice vittata 6 5 12 0 0 1 0 0 3 6 1 3 3 5 6 7 6 5 0 1 0 1 0 0 0 2 1 
Exogone naidina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exogone rostrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exogone verugera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fabricinae indet.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Flabelligeridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Galathowenia oculata 0 0 0 0 0 0 0 0 0 2 0 6 1 7 1 0 0 1 0 2 5 1 1 0 0 0 0 

























































Glycera unicornis 1 1 2 0 0 0 0 1 0 1 1 1 1 2 1 1 1 1 0 0 1 1 0 1 1 0 0 
Goniada hexadentes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Haplosyllis spongicola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Harmothoe sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Harmothoe spinifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Heteromastus filiformis 4 4 5 1 0 0 2 1 1 0 0 0 2 0 0 1 0 1 0 0 0 0 0 0 0 1 0 
Hydroides elegans 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jasmineira sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laonice bahusiensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 1 1 0 0 0 0 2 0 0 0 0 
Pseudomastus deltaicus 2 4 3 0 0 0 0 0 0 3 4 0 13 27 5 34 27 25 0 3 3 0 0 0 4 4 1 
Levinsenia gracilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 3 0 0 0 
Lumbrineridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lumbrineriopsis cf. 
paradoxa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lumbrineris sp. 1 1 2 0 0 0 0 0 0 1 0 1 2 0 1 0 1 2 0 1 1 5 11 9 1 2 0 
Lysidice ninetta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Magelona minuta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 14 2 1 1 1 
Malacoceros sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marphysa belli 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Mediomastus sp. 2 2 4 0 1 0 1 2 2 0 0 0 6 3 3 1 1 2 0 1 1 0 0 2 1 1 4 
Megalomma sp. 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Melinna palmata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 
Micronephtys maryae 2 7 0 0 2 0 0 3 0 1 0 2 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 
Monticellina heterochaeta 223 274 73 33 22 45 17 38 6 8 0 17 85 66 37 3 14 36 0 18 8 0 2 1 8 2 7 
Neanthes caudata 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nematonereis unicornis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 5 0 1 0 0 0 2 3 0 3 
Nephtys incisa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 
Nephtys kersivalensis 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 
Nepthys sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

























































Onuphidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Opheliidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ophiodromus flexuosus 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 
Owenia fusiformis 1 2 3 0 0 0 0 0 0 0 0 1 2 0 0 1 1 0 0 0 1 0 1 0 3 3 1 
Owenidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradoneis drachi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Paradoneis lyra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
Paraehlersia ferrugina 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Paralacydonia paradoxa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 2 1 1 1 4 
Paraonidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parapionosyllis brevicirra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parapionosyllis minuta 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Paraprionospio sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pectinaria sp. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Peresiella clymenoides 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 0 0 0 
Phyllodoce cf. mucosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllodoce lineata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Phyllodoce sp. 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllodocidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pista cf. unibranchia 0 0 0 0 0 0 0 0 0 0 0 0 3 1 1 0 0 0 0 1 0 0 0 0 2 0 1 
Pista cristata 0 0 0 0 0 0 0 0 0 1 8 1 0 0 0 1 0 0 0 0 0 0 0 0 1 2 0 
Poecilochaetus serpens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Poecilochaetus sp. 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polynoidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Polyophthalmus pictus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pomatoceros sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prionospio fallax 18 55 21 0 16 7 3 19 19 47 3 14 11 15 2 26 5 14 0 0 0 6 16 6 0 0 0 
Prionospio sp. 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

























































Protodorvillea kefersteini 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudofabriciola sp. 1 0 0 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P. paucibranchiata 0 1 0 0 0 1 3 3 0 0 1 2 0 0 0 1 2 1 0 0 0 0 0 0 0 0 0 
Pseudopolydora pulchra 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabellaridae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabellidae indet.  0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sabellides sp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Scolelepis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
Scoloplos typica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigalionidae indet. 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sigambra parva 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sosane sulcata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerosyllis glandulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Sphaerosyllis hystrix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphaerosyllis taylori 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spio decoratus 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Spio filicornis 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 
Spiochaetopterus solitarius 1 0 0 0 0 0 0 0 0 3 7 1 6 11 0 0 0 1 0 0 0 0 0 0 8 0 0 
Spionidae indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 
Spiophanes afer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 
Sternaspis scutata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sthenelais cf. ctenolepis 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 4 0 1 0 0 0 0 0 0 0 0 0 
Syllides japonicus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllides sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllidia armata 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllis armillaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllis gracilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Syllis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

























































Terebellides cf. stroemi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 
Tharyx sp. 0 5 2 0 0 0 0 0 0 1 0 1 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 
Timarete sp. 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trypanosyllis zebra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vermiliopsis infundibulum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 






















Table A.IV. Distribution and habitats of polychaeta species found in Cartagena harbour 
Species Spain Distribution World Distribution Habitats and depth References 
Aglaophamus malmgreni Atlantic: Galicia Arctic, Atlantic and North Pacific Oceans; Mediterranean Sea Muddy bottoms. 0-2300 m depth (Campoy, 1981b; Laborda, 2004) 
Amphictene auricoma 
Atlantic: Galicia and Bay of Biscay 
Mediterranean: Southeast, East 
and Catalan coast 
Arctic Sea, Atlantic and North Pacific 
Oceans; Mediterranean Sea 
Sand bottoms. Polluted sediments. 10-500 
m depth. 
(Fauvel, 1927; Kirkegaard, 1983; 
Parapar, 1991; Hutchings & Peart, 
2002) 
Aonides oxycephala Numerous reports in Atlantic and Mediterranean spanish waters. 
Pacific, North Atlantic and Indo-
pacific Oceans; Mediterranean Sea 
Prefers soft bottoms: muddy sand, coarse 
to fine sand. Polluted harbour bottoms. 0-
115 m depth 
(Ramos, 1976a; Aguirrezabalaga, 
1984; Imajima, 1989; Brito, 1999; 
Çinar, 2005; Torres, 2007) 
Aponuphis bilineata 
Atlantic: Galicia, Bay of Biscay and 
Canary islands 
Mediterranean: Alboran Sea 
Atlanto-Mediterranean species Prefers soft bottoms: muddy sands. 2-1020 m depth. 
(Rioja, 1917; George & Hartmann-
Schröder, 1985; Parapar, 1991; 
Aguirrezabalaga et al., 2002; 
Martínez et al., 2005; Núñez et al., 
2005; Torres, 2007) 
Aponuphis cf. fauveli 
Atlantic: Galicia and Bay of Biscay 
Mediterranean: Alboran Sea 
Atlanto-Mediterranean species Detritic bottoms with high percentage of 
mud. 4-1400 m depth. 
(Rioja, 1917; Kirkegaard, 1983; 
Parapar et al., 1996; Simboura et al., 
2000; Aguirrezabalaga et al., 2002; 
Martínez et al., 2005; Torres, 2007) 
Aricidea catherinae 
Atlantic: Bay of Biscay and Canary 
islands 
Mediterranean: Catalan coast and 
Alboran Sea 
Artic, Atlantic and Pacific Oceans; 
Mediterranean Sea 
Only soft bottoms: mud, muddy sand, 
coarse to fine sand, mud with shell 
fragments. Polluted harbour sediments. 1-
2000 m depth. 
(Laubier, 1967; Campoy, 1981a; 
Blake, 1996d; Brito, 1999; Montiel et 
al., 2002; Jensen et al., 2003; Núñez 
et al., 2005; Torres, 2007; 
Aguirrezabalaga & Gil, 2008) 
Aricidea cerrutii 
Atlantic: Bay of Biscay and Canary 
islands 
Mediterranean: Catalan and 
Southeast coast, Alboran Sea 
Atlantic and Indo-pacific Oceans; 
Mediterranean Sea 
Prefers soft bottoms: muddy sand, muddy 
sand with phytal cover (Zostera marina), 
coarse to fine sand. Polluted harbour 
sediments.0-2000 m depth. 
(Laubier, 1967; Strelzov, 1979; 
Campoy, 1981a; Brito, 1999; Núñez 
et al., 2005; Torres, 2007) 
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Species Spain Distribution World Distribution Habitats and depth References 
Aricidea claudiae 
Atlantic: Bay of Biscay 
Mediterranean: Catalan coast 
Atlanto-Mediterranean species Muddy bottoms preference (mud-loving form). 10-300 m depth. 
(Laubier, 1967; Strelzov, 1979; 
Campoy, 1981a; Cappaccioni, 1987; 
Gil & Sardá, 1999; Aguirrezabalaga 
& Gil, 2008) 
Aricidea mutabilis  Mediterranean endemic species 9-178 m depth. (Laubier & Ramos, 1973) 
Aricidea pseudoarticulata Atlantic: Bay of Biscay Atlantic and Pacific Oceans; Mediterranean Sea 25-50 m depth. (Aguirrezabalaga & Gil, 2008) 
Aricidea quadrilobata Mediterranean: Catalan coast Artic, North Pacific, Atlantic, Mediterranean Sea, Antarctic 
Prefers muddy bottoms with a greater or 
less mixture of sand or clay. 5-5680 m 
depth. 
(Campoy, 1981a; Kirkegaard, 1983) 
Bispira viola Atlantic: Canary islands Atlantic and Indo-pacific Oceans; Mediterranean Sea Hard bottoms. 3-13 m depth. 
(Knight-Jones & Perkins, 1998; 
Núñez et al., 2005) 
Caulleriella cf. alata 
Atlantic: Galicia, Bay of Biscay and 
Canary islands 
Mediterranean: Catalan coast, 
Alboran Sea 
Cosmopolitan species 
Hard and soft bottoms: muddy sand with 
phytal cover (Zostera marina). 0.6-70 m 
depth. 
(Aguirrezabalaga, 1984; 
Cappaccioni, 1987; Parapar, 1991; 
Pascual et al., 2001; Núñez et al., 
2005; Moreira et al., 2006;) 
Cirrophorus branchiatus 
Atlantic: Bay of Biscay 
Mediterranean: Catalan coast, 
Alboran Sea 
Atlantic and Indo-pacific Oceans; 
Mediterranean Sea 
Only soft bottoms: prefers sandy 
sediments. 5-2000 m depth. 
(Imajima, 1973; Strelzov, 1979; 
Campoy, 1981a; Torres, 2007) 
Cirrophorus furcatus 
Atlantic: Bay of Biscay 
Mediterranean: Catalan and East 
coast 
Atlantic and Indo-pacific Oceans; 
Mediterranean Sea 
Primarily found on muddy sediments, 
sometimes with mixture of sand or shells. 
5-2780 m. 
( Strelzov, 1979; Campoy, 1981a; 
Cappaccioni, 1987; Blake, 1996d; Gil 
& Sardá, 1999; Martínez et al., 
2005;) 
Chaetozone gibber Atlantic: Bay of Biscay North Sea and Mediterranean Sea  (Woodham & Chambers, 1994; Martínez et al., 2005;) 
Chone acustica Mediterranean: Alboran Sea Mediterranean endemic species Shallow sandy-bottoms. 8-20 m depth. 




Species Spain Distribution World Distribution Habitats and depth References 
Chone arenicola Atlantic: Canary islands Atlanto-Mediterranean species Shallow sandy-bottoms. 9-30 m depth. (Brito, 1999; Núñez et al., 2005; Tovar-Hernández et al., 2007) 
Chone collaris Numerous reports in Atlantic and Mediterranean spanish waters. Atlanto-Mediterranean species 
Hard and soft bottoms: prefers photophilic 
algae and muddy sands. 0-76 m depth. 
More abundant in shallow waters. 
(Acero & San Martín, 1986; 
Cappaccioni, 1987; Alós, 1988; Brito, 
1999; Núñez et al., 2005; Martínez et 
al., 2006; Torres, 2007; Tovar-
Hernández et al., 2007) 
Chone dunerificta 
Atlantic: Canary islands 
Mediterranean: Catalan and 
southeast coast, Alboran Sea 
Atlanto-Mediterranean species Soft bottoms: muddy sand and sandy bottoms. 10-34 m depth. 
(Acero & San Martín, 1986; Cardell 
et al 1999; Çinar, 2005; Torres, 2007; 
Tovar-Hernández et al., 2007) 
Chone cf. usticensis  Ustica Island (Italy) Medium sand, detritus and calcareous Rhodophyceae (Giangrande et al., 2006) 
Chysopetalum debile 
Atlantic: Galicia, Canary islands 
Mediterranean: Catalan and East 
coast, Alboran Sea 
Atlantic and Indo-pacific Oceans; 
Mediterranean Sea 
Hard bottoms, especially in Posidonia 
oceanica. Less abundant in soft bottoms. 
0-108 m depth. 
(Campoy, 1981b; Camp & Viñolas, 
1984; Alós, 1988; San Martín, 2004a; 
Núñez et al., 2005; Torres, 2007) 
Cossura soyeri 
Atlantic: Galicia and Bay of Biscay 
Mediterranean: Catalan coast 
NW Atlantic and Pacific Oceans; 
Mediterranean Sea 
Soft bottoms: mud and muddy sands. 12-
1000 m depth. 
(Aguirrezabalaga, 1984; 
Cappaccioni, 1987; Bachelet & 
Laubier, 1994;) 
Drilonereis cf. filum 
Atlantic: Galicia, Bay of Biscay, 
Gulf of Cadiz and Canary islands 
Mediterranean: Catalan coast 
Cosmopolitan in warm and warm-
temperate waters species 
Prefers soft-bottoms: mud or sand. 
Polluted harbour sediments. 0-2000 m 
depth. 
(Clark, 1952; Campoy, 1981b; 
Baratech & San Martín, 1987; 
Cappaccioni, 1987; Núñez, 1990; 
Makra & Nicolaidou, 2000; Núñez et 
al., 2005; Martínez et al., 2006;) 
Eumida sanguinea Numerous reports in Atlantic and Mediterranean spanish waters. 
Cosmopolitan species (need to be 
revised) 
Rock and soft bottoms: stone gravel, shell 
gravel and sand. 0-650 m depth. 
(Pleijel, 1993; Alós, 2004; Núñez et 
al., 2005;) 
Eunice vittata Numerous reports in Atlantic and Mediterranean spanish waters. 
Cosmopolitan in warm and warm-
temperate waters species 
Soft and hard bottoms, but prefers the 
former: muddy sand. Polluted sediments. 
0-1400 m depth. 
(Campoy, 1981b; Aguirrezabalaga, 
1984; George & Hartmann-Schröder, 
1985; Cappaccioni, 1987; Parapar et 
al., 1993a; Núñez et al., 1997; Núñez 
et al., 2005; Torres, 2007) 
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Species Spain Distribution World Distribution Habitats and depth References 
Exogone naidina 
Atlantic: Galicia, Bay of Biscay, 
and Canary islands 
Mediterranean: Catalan coast, 
Alboran Sea and Ceuta 
Cosmopolitan species 
All type of habitat, but more abundant in 
shallow fine sand with algae. 0-225 m 
depth. 
(Aguirrezabalaga, 1984; Parapar et 
al., 1993b; Parapar et al., 1996; 
Cardell et al., 1999; San Martín, 
2003; Núñez et al., 2005; Torres, 
2007) 
Exogone rostrata 
Atlantic: Canary islands 
Mediterranean: Balearic islands, 
catalan coast, Alboran Sea 
Lusitanic-Mediterranean species 
Hard and soft bottoms: muddy sands with 
phytal cover (Posidonia oceanica), 
coralligenous and photophilic algae. 
(San Martín, 2003; Núñez et al., 
2005;) 
Exogone verugera Numerous reports in Atlantic and Mediterranean spanish waters. 
Atlantic Ocean; Mediterranean Sea 
Antartic and subantartic seas 
references could be another species 
related. 
Hard and soft-bottoms. Polluted harbour 
bottoms. 0-160 m depth. 
(Acero & San Martín, 1986; Besteiro 
et al., 1987; Brito, 1999; Cardell et 
al., 1999; San Martín, 2003; Núñez et 
al., 2005;) 
Galathowenia oculata 
Atlantic: Galicia, Canary islands 
and Bay of Biscay 
Mediterranean: Catalan coast, 
Algeciras Bay and Alboran Sea 
Artic, Pacific and Atlantic Ocens; 
Mediterranean Sea 
Only soft bottoms: mud and fine sand. 0,5-
2500 m depth. 
(Sarda, 1984; Capaccioni, 1988; 
Martin, 1989; Gil & Sardá, 1999; 
Aguirrezabalaga et al., 2000; Núñez 
et al., 2005; Moreira et al., 2006; 
Torres, 2007) 
Glycera unicornis 
Atlantic: Bay of Biscay, Galicia, 
Gulf of Cadiz 
Mediterranean: east and catalan 
coast and Alboran Sea 
Atlantic Ocean, Mozambique, 
Mediterranean Sea 
Böggemann & Fiege (2001) 
synonomised G. rouxii with G. 
unicornis 
Mud-preferring species: sandy muds and 
muddy sands. Polluted sediments. 2-1024 
m depth. 
(Campoy, 1981b; Cappaccioni, 1987; 
O´Connor, 1987; Simboura et al., 
2000; Böggemann & Fiege, 2001; 
Martínez et al., 2005; Torres, 2007) 
Goniada hexadentes 
Atlantic: Bay of Biscay 
Mediterranean: catalan and east 
coast 
Atlantic and Indian Ocens; 
Mediterranean Sea 
Soft bottoms: mud, muddy sand, sandy 
mud, sand with fine. 5- 148 m depth. (Böggemann, 2005) 
Haplosyllis spongicola 
Atlantic: Bay of Biscay 
Mediterranean: catalan and east 
coast, Alboran Sea and Balearic 
islands 
Atlanto-Mediterranean species 
It was considered as a cosmopolitan 
distribution in temperate and tropical 
seas 
Prefers hard bottoms. Muddy sands with 
phytal cover (Posidonia oceanica) and 
coralligenous. 3-213 m depth. 
(Lattig et al., 2007; San Martín, 2003) 
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Species Spain Distribution World Distribution Habitats and depth References 
Harmothoe spinifera Numerous reports in Atlantic and Mediterranean waters. Atlanto-Mediterranean species 
Hard and soft bottoms: muddy sands. 0-
455 m depth. 
(Sardá, 1984; Alós, 1988; Parapar, 
1991; Barnich & Fiege, 2000; Núñez 
et al., 2005; Torres, 2007) 
Heteromastus filiformis Numerous reports in Atlantic and Mediterranean waters. Cosmopolitan species 
All types of sediments, especially sandy 
sediments or muddy sands. High organic 
content sediments. 0-4670 m depth. 
( Hutchings & Rainer, 1981; 
Aguirrezabalaga, 1984; Blake, 
2000a; Torres, 2007) 
Hydroides elegans Mediterranean: catalan and east 
coast 
Cosmopolitan in warm and warm-
temperate waters species 
Common in harbour sediment: mud 
bottoms. 0-5000 m depth. 
(Bianchi, 1978, 1981; Cappaccioni, 
1987; Ben-Eliahu & Fiege, 1996; 
Çinar, 2006) 
Laonice bahusiensis 
Atlantic: Bay of Biscay and Gulf of 
Cadiz 
Mediterranean: Bay of Algeciras 
Western coast of Sweden, Portugal, 
Faroe Islands, Mediterranean Sea 25-160 m depth 
(Gil & Sardá, 1999; Sikorski, 2003; 
Martínez et al., 2005) 
Levinsenia gracilis 
Atlantic: Bay of Biscay 
Mediterranean: catalan coast and 
Alboran Sea 
Cosmopolitan species 
Prefers soft bottoms: mud, sandy mud, 
muddy sand. Polluted sediments. Shallow 
subtidal-3000 m depth. 
(Cappaccioni, 1987; Blake, 1996d; 
Cardell et al 1999; Gil & Sardá, 1999; 
Makra & Nicolaidou, 2000; Martínez 
et al., 2005; Torres, 2007) 
Lumbrineriopsis cf. 
paradoxa 
Atlantic: Galicia and Canary 
islands 
Mediterranean: catalan and 
Alboran Sea 
Amphi-Atlantic species Prefers soft bottoms. 20-170 m depth. (Ramos, 1976b; Campoy, 1981b; Núñez et al., 2005; Torres, 2007) 
Lysidice ninetta Numerous reports in Atlantic and Mediterranean spanish waters. 
Cosmopolitan in warm and warm-
temperate waters species Soft and hard bottoms. 0-1000 m depth. 
(George & Hartmann-Schröder, 
1985; Núñez et al., 1997; Martínez et 
al., 2005; Núñez et al., 2005; Torres, 
2007) 
Magelona minuta 
Atlantic: Galicia and Bay of Biscay 
Mediterranean: Alboran Sea 
Atlanto-Mediterranean species 
Only soft bottoms: mud, muddy sand, 
sand and shells bottoms. 16-1000 m 
depth. 
(Aguirrezabalaga et al., 1986; 
Parapar et al., 1996; Fiege et al., 
2000; Torres, 2007) 
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Marphysa belli 
Atlantic: Galicia, Bay of Biscay and 
Canary Islands 
Mediterranean: Catalan coast, 
Alboran Sea and Ceuta 
Atlantic and Indo-pacific Oceans; 
Mediterranean Sea Only soft-bottoms. 0-1250 m depth. 
(George & Hartmann-Schröder, 
1985; Cappaccioni, 1987; Parapar et 
al., 1993b; Núñez et al., 1997; Brito, 
1999; Núñez et al., 2005; Torres, 
2007) 
Melinna palmata 
Atlantic: Galicia and Bay of Biscay 
Mediterranean: Catalan coast and 
Alboran Sea 
Eastern Atlantic Ocean, 
Mediterranean and Red Sea 
Only soft bottoms. Polluted sediments. 0-
1000 m depth. 
(Holthe, 1986; Cappaccioni, 1987; 
Martínez et al., 2005; Martínez et al., 
2006; Torres, 2007) 
Micronephtys maryae Mediterranean: catalan coast, Alboran Sea and Balearic islands Atlanto-Mediterranean species 
Only soft bottoms: muddy sand. Polluted 
sediments. 4-70 m 
(Cappaccioni, 1987; Cardell et al., 
1999; Laborda, 2004; Torres, 2007) 
Monticellina heterochaeta 
Atlantic: Galicia 
Mediterranean: catalan coast 
Lusitanic-Mediterranean species Mud bottoms. 23-1000 m depth (Çinar, 2005; Gil & Sardá, 1999; Laubier, 1961; Martin et al., 2000) 
Neanthes caudata Numerous reports in Atlantic and Mediterranean waters. 
Atlantic and Indo-pacific Oceans; 
Mediterranean Sea 
More frequent in soft bottoms, especially 
muddy sands or sandy muds. Polluted and 
high organic content sediments. 0-500 m 
depth. 
(Cappaccioni, 1987; Brito, 1999; 
Núñez, 2004; Núñez et al., 2005) 
Nematonereis unicornis Numerous reports in Atlantic and Mediterranean waters. 
Cosmopolitan in warm-temperate 
and warmer waters species 
Hard and soft bottoms. Polluted harbour 
sediments. 0-1200 m depth. 
(Miura, 1979; Campoy, 1981b; 
Aguirrezabalaga, 1984; George & 
Hartmann-Schröder, 1985; Núñez et 
al., 1997; Brito, 1999; Núñez et al., 
2005; Torres, 2007) 
Nephtys incisa 
Atlantic: Bay of Biscay 
Mediterranean: Catalan coast and 
Alboran Sea 
Amphi-Atlantic species Only soft bottoms: mud and fine sand. 0-1700 m depth. 
(Laborda, 2004; Martínez et al., 
2005; Torres, 2007) 
Nephtys kersivalensis 
Atlantic: Bay of Biscay 
Mediterranean: Alboran Sea 
(Cartagena harbour specimens are 
the second report in 
Mediterranean Sea) 
Atlanto-Mediterranean species Soft bottoms: mud and sand. 7-295 m depth. (Laborda, 2004; Torres, 2007) 
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Ophiodromus flexuosus 
Atlantic: Galicia and Bay of Biscay 
Mediterranean: Catalan and 
southeast coast, and Alboran Sea 
Atlanto-Mediterranean species 
More frequent in soft bottoms. High 
organic and hydrocarbons content 
sediments. 0-500 m depth. 
(Cappaccioni, 1987; Moreira et al., 
1998; Parapar et al., 2004a; Martínez 
et al., 2005; Torres, 2007) 
Owenia fusiformis Numerous reports in Atlantic and Mediterranean waters.  
Mediterranean endemic species 
(other reports need revision, not 
cosmopolitan species) 
Hard and soft bottoms: sand. Polluted 
harbour sediments. 
(Cappaccioni, 1987; Castellanos et 
al., 2003; Núñez et al., 2005; Torres, 
2007)  
Paradoneis drachi Mediterranean: Catalan coast Mediterranean endemic species Muddy bottoms. 115-550 m depth. (Laubier & Ramos, 1973; Campoy, 1981a;) 
Paradoneis lyra 
Atlantic: Galicia and Bay of Biscay 
Mediterranean: Catalan coast, and 
Alboran Sea 
North Sea, West coast of Sweden, 
Mediterranean Sea (other reports 
need revision) 
Hard and soft bottoms: muddy sands, 
muddy sand with phytal cover (Zostera 
marina). 5-2000 m depth. 
(Campoy, 1981a; Cappaccioni, 1987; 
Mackie, 1991; Cardell et al., 1999; 
Çinar, 2005; Torres, 2007) 
Paraehlersia ferrugina Numerous reports in Atlantic and Mediterranean waters. 
Considered as cosmopolitan species 
in warm-temperate and warmer 
waters, but might be a species 
complex 
Hard and soft bottoms: sand with phytal 
cover (Posidonia oceanica), coralligenous, 
etc. 
(San Martín, 2003; Núñez et al., 
2005;) 
Paralacydonia paradoxa Mediterranean: Catalan and east 
coast, and Alboran Sea 
Atlantic and Indo-pacific Oceans; 
Mediterranean Sea 
Only soft bottoms: mud, muddy sand, 
sandy mud, sand, detritic bottoms. 7-5498 
m depth. 
( Blake, 1994; Al-Hakim & Glasby, 
2004; San Martín, 2004b; Torres, 
2007) 
Parapionosyllis brevicirra 
Mediterranean: Catalan and 
southeast coast, Alboran Sea and 
Balearic islands 
Atlanto-Mediterranean species Sands with phytal cover (Posidonia 
oceanica).1-40 m depth. 




Mediterranean: Catalan and 
southeast coast and Balearic 
islands 
Atlanto-Mediterranean species Sands with phytal cover and inside 
sponges. (Alós, 1988; San Martín, 2003) 
Peresiella clymenoides 
Atlantic: Bay of Biscay 
Mediterranean: Catalan coast and 
Alboran Sea 
Mediterranean endemic species Only soft bottoms. Sand-preferring 
species. 6-95 m depth. 
(Harmelin, 1968; Cappaccioni, 1987; 
Simboura et al., 2000; Martínez et 
al., 2005; Martínez et al., 2006; 
Torres, 2007) 
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Phyllodoce lineata 
Atlantic: Galicia and Bay of Biscay 
Mediterranean: Southeast coast 
Atlanto-Mediterranean species 
Soft bottoms (sand, muddy sand or mud). 
Tidally and subtidally to about 900 m 
depth. 
(Pleijel, 1993; Alós, 2004;) 
Phyllodoce cf. mucosa 
Atlantic: Galicia, Bay of Biscay and 
Canary Islands 
Mediterranean: Catalan coast and 
Balearic islands 
Atlanto-Mediterranean species Hard and soft bottoms: mud, sand and 
shell gravel. 0-20 m depth. 
(Pleijel, 1993; Alós, 2004; Núñez et 
al., 2005; Torres, 2007) 
Pista cristata Numerous reports in Atlantic and Mediterranean waters. Cosmopolitan species 
Hard and soft bottoms: mud and sandy 
mud, coarse sand. Polluted harbour 
sediments. 0-4000 m depth. 
(Aguirrezabalaga, 1984; Holthe, 
1986; Cappaccioni, 1987; Martínez et 
al., 2006; Núñez et al., 2005; 
Schüller & Ebbe, 2007; Torres, 2007) 
Pista cf. unibranchia 
Atlantic: Bay of Biscay 
Mediterranean: Alboran Sea 
South Africa and Mediterranean Sea Soft bottoms. 4-309 m depth. (Cantone, 1981; Martínez et al., 2005; Torres, 2007) 
Poecilochaetus serpens Numerous reports in Atlantic and Mediterranean spanish waters. 
Eastern Atlantic and Indo-pacific 
Oceans; Mediterranean Sea 
Soft bottoms: mud and sand. Polluted 
harbour sediments. 0.1-3000 m depth. 
Prefers deep waters. 
(Cappaccioni, 1987; Cantone, 1990; 
Brito, 1999; Martínez et al., 2005; 
Torres, 2007) 
Polyophthalmus pictus Numerous reports in Atlantic and Mediterranean spanish waters. 
Cosmopolitan in warm-temperate 
and warmer waters 
Hard and soft bottoms: muddy sands with 
phytal cover (Posidonia oceanica). 0-100 
m depth. 
(Fauvel, 1927; Aguirrezabalaga, 
1984; Cappaccioni, 1987; Fassari, 
1998; Brito, 1999; Núñez et al., 2005; 
Torres, 2007) 
Prionospio fallax 
Atlantic: Galicia, Bay of Biscay 
Mediterranean: Catalan coast 
Atlanto-Mediterranean species 
All records require reassessment. At 
present the species can only be 
confirmed from European waters.  
Soft bottoms: mud, fine to silty fine sand 
with shell. 4-245 m depth. 
(Sigvaldadóttir & Mackie, 1993; 
Cardell et al 1999; Gil & Sardá, 1999; 
Martínez et al., 2005; Moreira et al., 
2006;) 
Proclea cf. graffi Atlantic: Bay of Biscay and Canary Islands Circumglobal species 
Wide range of habitats ranging from mixed 
sediments to rocks. Intertidal to 410 m 
depth. 
(Holthe, 1986; Hilbig, 2000; Núñez et 
al., 2005; Martínez et al., 2006;) 
     
 271 
Species Spain Distribution World Distribution Habitats and depth References 
Protodorvillea kefersteini 
Atlantic: Galicia, Bay of Biscay and 
Canary Islands 
Mediterranean: Catalan coast 
Atlantic, North Pacific and Antartic 
Oceans; Mediterranean Sea 
Soft bottoms: muddy sand, coarse and 
fine sand. Sand-preferring species. 11-
100 m depth. 
(Perkins, 1979; Campoy, 1981b; 
Aguirrezabalaga et al., 1986; 
Parapar, 1991; Brito, 1999) 
Pseudomastus deltaicus Mediterranean: Catalan and 
southeast coast and Alboran Sea Mediterranean endemic species Sand and mud bottoms. 1-185 m depth. 
(Sardá, 1984; Cappaccioni, 1987; 




Atlantic: Galicia and Bay of Biscay 
Mediterranean: Catalan coast 
Northeastern Atlantic and Pacific 
Oceans; Mediterranean Sea. 
Several types of hard and soft bottoms: 
rocks, seagrass bed, muddy sand and 
sand with shell debris, and organically 
enriched sand. 2-25 m depth. 
(Fauvel, 1927; Read, 1975; Light, 
1978; Ramberg & Schram, 1983; 
Parapar et al., 1996; Radashevsky & 
Hsieh, 2000; Martin et al., 2000; 
Simboura et al., 2000; Oug, 2001; 
Martínez et al., 2005; Dagli & Cinar, 
2008;) 
Pseudopolydora pulchra Atlantic: Bay of Biscay Atlantic Ocean, Norwegian Sea and Mediterranean Sea Mud-preferring species. 0-150 m depth. (Fauvel, 1927; Martínez et al., 2005) 
Scoloplos typica 
Atlantic: Galicia , Bay of Biscay 
and Canary islands 
Mediterranean: Catalan and 
southeast coast, Alboran Sea and 
Ceuta 
Atlanto-Mediterranean species Only soft bottoms: muddy sand. 0-185 m depth. 
(Sardá, 1984; Martínez & Adarraga, 




Mediterranean: Catalan, east and 
southeast coast 
South Africa and Mediterranean Sea 
It was sinonimized with S. 
tentaculata, recently rescued by 
Moreira and Parapar (2002) 
Hard and soft bottoms: mud, muddy sand, 
sandy mud. 2-100 m depth. 
(Parapar et al., 1993b; Makra & 
Nicolaidou, 2000; Parapar et al., 
2004b) 
Sosane sulcata Atlantic: Bay of Biscay 
Scandinavian Sea, Eastern North 
Atlantic to West Africa, Sea of Japan, 
North Sea, Mediterranean Sea 
Soft bottoms: mud, clay or sand, or mixed 
bottoms. 12-500 m depth. 
(Holthe, 1986; Gil & Sardá, 1999; 
Martínez et al., 2005; Martínez et al., 
2006) 
Sphaerosyllis glandulata Atlantic: Bay of Biscay Amphi-Atlantic species Sand bottoms. 10-120 m depth (San Martín, 2003) 
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Sphaerosyllis hystrix 
Atlantic: Bay of Biscay, Gulf of 
Cadiz and Canary islands 
Mediterranean: Catalan and 
southeast coast, Alboran Sea and 
Ceuta 
Cosmopolitan species (probably only 
distributed in Eastern Atlantic Ocean 
and Mediterranean Sea) 
Several types of hard and soft bottoms. 0-
400 m depth. 
(Acero & San Martín, 1986; Cardell 
et al., 1999; Núñez et al., 2005; San 
Martín, 2003; Torres, 2007) 
Sphaerosyllis taylori Numerous reports in Atlantic and Mediterranean waters. Amphi-Mediterranean species Hard and soft-bottom: muddy sand. 
(Acero & San Martín, 1986; Parapar 
et al., 1993b; Brito, 1999; Martínez et 
al., 2005; Núñez et al., 2005; San 
Martín, 2003) 
Spio decoratus 
Atlantic: Galicia, Bay of Biscay and 
Canary Islands 
Mediterranean: Catalan and 
southeast coast, and Balearic 
islands 
Northeastern Atlantic, Pacific and 
Artic Oceans; Mediterranean Sea Soft bottoms: mud and sand bottoms. 
(Dauvin, 1989; Brito, 1999; Núñez et 
al., 2005; Moreira et al., 2006) 
Spio filicornis 
Atlantic: Galicia, Bay of Biscay and 
Canary Islands 
Mediterranean: Catalan coast 
Atlantic, Artic and Indo-pacific 
Oceans; Mediterranean Sea 
Medium to fine sand and mud bottoms. 0-
17 m depth 
(Dauvin, 1989; Maciolek, 1990; 
Parapar et al., 1996; Brito, 1999) 
Spiochaetopterus 
solitarius Atlantic: Bay of Biscay NE Atlantic and Mediterranean Sea 
Soft bottoms: Silty and silty-sand. High 
organic content harbour sediments. 2-10 
m depth. 
(Bhaud et al., 1994) 
Spiophanes afer 
Mediterranean: Catalan and east 
coast. 
Between Cape San Antonio and 
Valencia harbour; between port 
Barcelona and Mataró 
South Atlantic Ocean (off Namibia) 
and Indian Ocean (off South Africa); 
Mediterranean Sea 
 (Meißner, 2005) 
Sternapis scutata 
Atlántico: Galicia, Bay of Biscay 
and Canary islands 
Mediterranean: Alboran Sea 
Cosmopolitan species Soft bottoms: mud or sandy muds. 8-4000 
m depth 
(Rallo & Moya, 1987; Petersen, 
2000; Martínez et al., 2005; Núñez et 
al., 2005; Torres, 2007) 
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Sthenelais cf. ctenolepis Mediterranean: Alboran Sea Mediterranean endemic species Soft bottoms: coarse sand. Sometimes in polluted sediments. 7-42 m depth. (Torres, 2007) 
Syllides japonicus 
Atlantic: Canary Islands 
Mediterranean: Balearic islands 
Northeastern Atlantic and Pacific 
Oceans; Mediterranean Sea 
Sandy mud, beach sand, rock with algae 
and Posidonia oceanica. 
(Brito, 1999; Núñez et al., 2005; San 
Martín, 2003) 
Syllidia armata Numerous reports in Atlantic and Mediterranean waters. 
Eastern Atlantic and Indo-pacific 
Oceans; Mediterranean Sea 
Prefers hard bottoms. In soft-bottoms, it 
prefers gross sand and gravel or muddy 
gravel. 0-107 m depth. 
(Brito, 1999; Parapar et al., 2004b; 
Núñez et al., 2005; Torres, 2007) 
Syllis armillaris Numerous reports in Atlantic and Mediterranean waters. 
Considered as cosmopolitan species, 
but might be a species complex All hard bottoms. 0-200 m depth 
(San Martín, 2003; Núñez et al., 
2005; Torres, 2007) 
Syllis gracilis Numerous reports in Atlantic and Mediterranean waters. 
Cosmopolitan in warm and warm-
temperate waters species 
Hard bottoms: algae, sponges. 0-300 m 
depth. 
(San Martín, 2003; Núñez et al., 
2005;) 
Terebellides cf. stroemi 
Atlantic: Bay of Biscay 
Mediterranean: Catalan and east 
coast, and Alboran Sea 
Not a cosmopolitan species. It seems 
to be confined to the north Atlantic, 
but additional material from the 
Atlantic and Mediterranean needs to 
be examined 
Only soft bottoms. Most abundant on 
muddy bottoms. 1-3000 m depth. 
(Williams, 1984; Holthe, 1986; 
Cappaccioni, 1987; Martínez et al., 
2005; Torres, 2007;) 
Trypanosyllis zebra Numerous reports in Atlantic and Mediterranean waters. 
Atlanto-Mediterranean species 
Species of Red Sea, caribean and 
Pacific ocean may be this species 
Prefers hard bottoms but also coarse 
sands. 0-100 m depth (San Martín, 2003) 
Vermiliopsis infundibulum 
Atlantic: Galicia, Canary islands 
Mediterranean: Catalan and 
southeast coast, and Alboran Sea 
NE Atlantic and Indo-pacific Oceans; 
Mediterranean Sea 
Hard and soft bottoms: mud and sand with 
detritus. 1-4020 m depth. 
(Bianchi, 1978, 1981; Campoy & 
Jordana, 1978; Alós, 1988; Rallo, 
1988; Ben-Eliahu & Fiege, 1996; 






















Table A.V. Polychaete species of Cartagena harbour: Distribution in other harbours 
Species Spain harbours Mediterranean harbours Worlwide harbours References 
Aglaophamus 
malmgreni    Not found reports in harbours 
Aonides oxycephala 
Ceuta harbour; Valencia harbour (outer); 
Barcelona port ; Cubelles marina, 
Cambrils port (Tarragona) ; Port de la 
Selva marina (Girona) 
Alsancak harbour (Turkey)  
(Barcelona, 2004; Çinar et al., 2006; 
Guerra-García & García-Gómez, 2004; 
Sardá & Ariza, 2005; Sardá & Pinedo, 
1992; Sardá & Taboada, 1998; Tena et 
al., 1993) 
Aponuphis bilineata 
Ceuta harbour and La Coruña harbour 
(outer); Cambrils port (Tarragona). All 
reports as Hyalinoecia bilineata 
Algiers harbour; Trieste port (Italy)  
(Guerra-García & García-Gómez, 
2004; López-Jamar et al., 1995; Manté 
et al., 2003; Sardá & Pinedo, 1992; 
Solis-Weiss et al., 2004) 
Aphelochaeta sp. 
Cambrils port (Tarragona) as Tharyx 
marioni; Barcelona port (as 
Aphelochaeta sp.) 
Algiers harbour (as A. marioni) Oslo harbour (Norway, as A. marioni) 
(Manté et al., 2003; Sardá et al., 1997; 
Sardá & Pinedo, 1992; Trannum et al., 
2004) 
Aponuphis fauveli  Capraia port (Italy)  (De Biasi et al., 2004) 
Aricidea catherinae    Not found reports in harbours 
Aricidea cf. cerrutii Barcelona port   (Sardá et al., 1997) 
Aricidea claudiae    Not found reports in harbours 
Aricidea fragilis 
mediterranea    Not found reports in harbours 
Aricidea mutabilis    Not found reports in harbours 
Aricidea quadrilobata    Not found reports in harbours 
Bispira viola  Pasaport harbour (Turkey)  (Çinar et al., 2008) 
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Capitella sp. 
Saladillo Harbour (Algeciras); Barcelona 
port; La Coruña harbour (as C. capitata); 
Valencia harbour (outer); San Carles and 
Cubelles marina, L´Escala port 
(Tarragona) 
Algiers harbour; Trieste port (Italy) (as 
C. capitata) 
Oslo harbour (Norway); Los Angeles 
Harbour (USA); Port de Boulogne-sur-
Mer (Manche); Vancouver harbour 
(Canada); Visakhapatnam harbour 
(India) (as C. capitata) 
(Barcelona, 2004; Belan, 2004; 
Dhainaut-Courtois et al., 2000; Estacio 
et al., 1997; López-Jamar et al., 1995; 
Manté et al., 2003; Raman, 1995; 
Reish, 1955; Sardá & Ariza, 2005; 
Sardá & Martín, 1991; Sardá et al., 
2001; Solis-Weiss et al., 2004; Tena et 
al., 1993; Trannum et al., 2004) 
Caulleriella cf. alata Saladillo Harbour (Algeciras); Barcelona port   
(Estacio et al., 1997; Sardá et al., 
1997) 
Chaetozone sp. 
Valencia harbour (outer); La Coruña 
harbour (as Chaetozone sp.); L´Escala 
port (Tarragona) ; Barcelona port (as 
Chaetozone sp.) ; Port de la Selva 
marina (Girona). All reports as 
Chaetozone setosa, except for La 
Coruña and Barcelona port 
Trieste port (Italy) (as C. setosa) 
Oslo harbour (Norway); Vancouver 
harbour (Canada). All reports as C. 
setosa 
(Belan, 2004; López-Jamar et al., 
1995; Sardá et al., 1997; Sardá & 
Martín, 1991; Sardá & Taboada, 1998; 
Solis-Weiss et al., 2004; Tena et al., 
1993; Trannum et al., 2004) 
Chaetozone gibber  Alsancak harbour (Turkey) Port Cairnryan (Scoland, UK) (Çinar et al., 2006; Survey, 2005) 
Chone acustica    Not found reports in harbours 
Chone arenicola    Not found reports in harbours 
Chone collaris  Capraia port (Italy)  (De Biasi et al., 2004) 
Chone dunerificta 
Valencia harbour (outer) ; L´Escala port 
(Tarragona) ; Barcelona port; Port de la 
Selva marina (Girona). All reports as C. 
duneri 
  
(Sardá et al., 1997; Sardá & Martín, 
1991; Sardá & Taboada, 1998; Tena et 
al., 1993) 
Chone usticensis    Not found reports in harbours 
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Cirratulus sp. Saladillo Harbour (Algeciras), Ceuta harbour as C. cirratus  
Port de Boulogne-sur-Mer (Manche) as 
C. cirratus 
(Dhainaut-Courtois et al., 2000; 
Estacio et al., 1997; Guerra-García & 
García-Gómez, 2004) 
Cirriformia sp. 
Saladillo Harbour (Algeciras), Ceuta 
harbour; San Carles and Cubelles 
marinas, Cambrils port (Tarragona). All 
reports as C. tentaculata 
Algiers harbour as C. tentaculata Port de Boulogne-sur-Mer (Manche) as C. tentaculata 
(Dhainaut-Courtois et al., 2000; 
Estacio et al., 1997; Guerra-García & 
García-Gómez, 2004; Manté et al., 
2003; Sardá & Ariza, 2005; Sardá & 
Pinedo, 1992; Sardá et al., 2001) 
Cirrophorus 
branchiatus    Not found reports in harbours 
Cirrophorus furcatus Valencia harbour (outer) ; L´Escala port (Tarragona) 
Alsancak harbour (Turkey); 
Portoferraio harbour (Italy)  
(Castelli, 1985; Çinar et al., 2006; 
Sardá & Martín, 1991; Tena et al., 
1993) 
Cossura soyeri Barcelona port Alsancak harbour (Turkey)  (Çinar et al., 2006; Sardá et al., 1997) 
Drilonereis cf. filum  Alsancak harbour (Turkey)  (Çinar et al., 2006) 
Eumida sanguinea 
Valencia harbour (outer); Cubelles 
marina, Cambrils port (Tarragona) ; 
Barcelona port; Port de la Selva marina 
(Girona) 
Alsancak and Pasaport harbours 
(Turkey) Port Cairnryan (Scoland, UK) 
(Çinar et al., 2008; Çinar et al., 2006; 
Sardá & Ariza, 2005; Sardá et al., 
1997; Sardá & Pinedo, 1992; Sardá & 
Taboada, 1998; Survey, 2005; Tena et 
al., 1993) 
Eunice vittata 
Valencia harbour (outer); San Carles 
marina, Cambrils port (Tarragona) 
(Tarragona); Port de la Selva marina 
(Girona) 
Algiers harbour; Trieste port (Italy)  
(Manté et al., 2003; Sardá & Pinedo, 
1992; Sardá & Taboada, 1998; Sardá 
et al., 2001; Solis-Weiss et al., 2004; 
Tena et al., 1993) 
Exogone naidina 
Barcelona port ; Cambrils port 
(Tarragona); Port de la Selva marina 
(Girona) 
Capraia port (Italy); Alsancak and 
Pasaport harbours (Turkey) Port Cairnryan (Scoland, UK) 
(Barcelona, 2004; Çinar et al., 2008; 
Çinar et al., 2006; De Biasi et al., 2004; 
Sardá & Pinedo, 1992; Sardá & 
Taboada, 1998; Survey, 2005) 
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Exogone rostrata    Not found reports in harbours 
Exogone verugera 
Ceuta harbour; Barcelona port; Cubelles 
marina, L´Escala port, Cambrils port 
(Tarragona) 
Capraia port (Italy) Port Cairnryan (Scoland, UK) 
(Barcelona, 2004; De Biasi et al., 2004; 
Guerra-García & García-Gómez, 2004; 
Méndez et al., 1997; Sardá & Ariza, 
2005; Sardá & Martín, 1991; Sardá & 
Pinedo, 1992; Survey, 2005) 
Galathowenia 
oculata 
La Coruña harbour (outer); Cubelles 
marina ; L´Escala port (Tarragona); 
Barcelona port; Port de la Selva marina 
(Girona) 
 
Nagasaki harbor (Japan) 
Port Cairnryan (Scoland, UK) 
(Imajima, 1994; López-Jamar et al., 
1995; Sardá & Ariza, 2005; Sardá et 
al., 1997; Sardá & Martín, 1991; Sardá 
& Taboada, 1998; Survey, 2005) 
Glycera unicornis Valencia harbour (outer); Barcelona port Alsancak harbour (Turkey); Trieste port (Italy)  
(Çinar et al., 2006; Sardá et al., 1997; 
Solis-Weiss et al., 2004; Tena et al., 
1993) 
Haplosyllis 
spongicola Port de la Selva marina (Girona)   (Sardá & Taboada, 1998) 
Harmothoe sp.  Trieste port (Italy)  (Solis-Weiss et al., 2004) 
Harmothoe spinifera Valencia harbour (outer)   (Tena et al., 1993) 
Heteromastus 
filiformis 
Valencia harbour (outer); Cambrils port 
(Tarragona) ; Port de la Selva marina 
(Girona) 
Alsancak harbour (Turkey); Algiers 
harbour; Trieste port (Italy) 
Oslo harbour (Norway); Great Egg 
Harbour; West Falmouth Harbour; 
Wallfleet Harbour (USA); Port Phillip 
Bay, Westernport (Australia), Port 
Hacking (New Zealand); Port Cairnryan 
(Scoland, UK) 
(Çinar et al., 2006; Hutchings & Rainer, 
1981; Manté et al., 2003; Sardá & 
Pinedo, 1992; Sardá & Taboada, 1998; 
Solis-Weiss et al., 2004; Survey, 2005; 
Tena et al., 1993; Trannum et al., 
2004) 
Hydroides elegans  
Species known for mass occurrences 
in harbors and ship fouling, in almost 
all Mediterranean harbours 
Alsancak, Iskenderum and Yumurtalik 
harbour (Turkey); Port of Naples and 
Valetta Harbour (Italy) 
Port Jackson (Australia); Los Angeles 
and Florida Harbour (USA) 
(Çinar, 2006; Çinar et al., 2006; 
Zibrowius, 1970) 
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Laonice bahusiensis    Not found reports in harbours 
Levinsenia gracilis   Port Cairnryan (Scoland, UK) (Survey, 2005) 
Lumbrineris sp. Barcelona port   (Barcelona, 2004) 
Lysidice ninetta Cambrils port (Tarragona)   (Sardá & Pinedo, 1992) 
Magelona minuta Barcelona port Alsancak harbour (Turkey)  (Çinar et al., 2006; Sardá et al., 1997) 
Marphysa belli Ceuta harbour Trieste port (Italy)  (Guerra-García & García-Gómez, 2004; Solis-Weiss et al., 2004) 
Mediomastus sp. 
Valencia harbour (outer); San Carles and 
Cubelles marinas, L´Escala port, 
Cambrils port (Tarragona) (Tarragona); 
Barcelona port. All reports as M. fragilis 
 
Oslo harbour (Norway, as M. fragilis); 
Vancouver harbour (Canada) 
(Belan, 2004; Sardá & Ariza, 2005; 
Sardá et al., 1997; Sardá & Martín, 
1991; Sardá & Pinedo, 1992; Sardá et 
al., 2001; Tena et al., 1993; Trannum 
et al., 2004) 
Melinna palmata Valencia harbour (outer); Cubelles 
marina, Cambrils port (Tarragona) 
Alsancak harbour (Turkey); Trieste port 
(Italy) Port Cairnryan (Scoland, UK) 
(Çinar et al., 2006; Sardá & Ariza, 
2005; Sardá & Pinedo, 1992; Solis-
Weiss et al., 2004; Survey, 2005; Tena 
et al., 1993) 
Micronephtys maryae Valencia harbour (outer); Cubelles 
marina (Tarragona); Barcelona port Alsancak harbour (Turkey)  
(Çinar et al., 2006; Sardá & Ariza, 




San Carles marina (Tarragona) as 
Tharyx dorsobranchialis; Barcelona port; 
Port de la Selva marina (Girona) 
Alsancak harbour (Turkey)  
(Çinar et al., 2006; Sardá et al., 1997; 
Sardá & Taboada, 1998; Sardá et al., 
2001) 
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Neanthes caudata 
Ceuta harbour; San Carles marina 
(Tarragona); Barcelona port, Port de la 
Selva marina (Girona) 
Capraia port and Trieste port (Italy); 
Alsancak and Pasaport harbours 
(Turkey) 
Los Angeles harbour (USA) 
(Çinar et al., 2008; Çinar et al., 2006; 
De Biasi et al., 2004; Guerra-García & 
García-Gómez, 2004; Reish, 1955; 
Sardá et al., 1997; Sardá & Taboada, 
1998; Sardá et al., 2001; Solis-Weiss 
et al., 2004) 
Nematonereis 
unicornis 
Cambrils port (Tarragona); Port de la 
Selva marina (Girona) 
Capraia port (Italy); Pasaport harbour 
(Turkey)  
(Çinar et al., 2008; De Biasi et al., 
2004; Sardá & Pinedo, 1992; Sardá & 
Taboada, 1998) 
Nephtys incisa  Alsancak harbour (Turkey)  (Çinar et al., 2006) 
Nephtys 
kersivalensis   Port Cairnryan (Scoland, UK) (Survey, 2005) 
Notomastus sp. 
Barcelona port (as Notomastus sp); 
Cubelles marina, Cambrils port 
(Tarragona), Port de la Selva marina 
(Girona) as N. latericius 
Trieste port (Italy)  
(Barcelona, 2004; Sardá & Ariza, 2005; 
Sardá et al., 1997; Sardá & Pinedo, 
1992; Sardá & Taboada, 1998; Solis-
Weiss et al., 2004) 
Ophiodromus 
flexuosus La Coruña harbour 
Alsancak harbour (Turkey); Trieste port 
(Italy) Port Cairnryan (Scoland, UK) 
(Çinar et al., 2006; López-Jamar et al., 
1995; Solis-Weiss et al., 2004; Survey, 
2005) 
Owenia fusiformis 
Ceuta harbour, Blanes harbour; Valencia 
harbour (outer) Barcelona port; Cubelles 
marina, L´Escala port, Cambrils port 
(Tarragona) 
Capraia port (Italy) Alsancak harbour 
(Turkey) Port de Boulogne-sur-Mer (Manche) 
(Barcelona, 2004; Çinar et al., 2006; 
De Biasi et al., 2004; Dhainaut-
Courtois et al., 2000; Guerra-García & 
García-Gómez, 2004; Pinedo et al., 
1997; Sardá & Ariza, 2005; Sardá et 
al., 1997; Sardá & Martín, 1991; Sardá 
& Pinedo, 1992; Tena et al., 1993) 
Paradoneis drachi    Not found reports in harbours 
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Paradoneis lyra 
Ceuta harbour; Cubelles marina, 
Cambrils port (Tarragona); Barcelona 
port;  
Capraia port (Italy) Alsancak harbour 
(Turkey) Port Cairnryan (Scoland, UK) 
(Çinar et al., 2006; De Biasi et al., 
2004; Guerra-García & García-Gómez, 
2004; Sardá & Ariza, 2005; Sardá et 
al., 1997; Sardá & Pinedo, 1992; Sardá 
& Taboada, 1998; Survey, 2005) 
Paraehlersia 
ferrugina Ceuta harbour as Ehlersia ferrugina   
(Guerra-García & García-Gómez, 
2004) 
Parapionosyllis 
brevicirra    Not found reports in harbours 
Parapionosyllis 
minuta    Not found reports in harbours 
Peresiella 
clymenoides 
Valencia harbour (outer); Cambrils port 
(Tarragona); Barcelona port   
(Sardá et al., 1997; Sardá & Pinedo, 
1992; Tena et al., 1993) 
Phyllodoce lineata Port de la Selva marina (Girona) Trieste port (Italy)  (Sardá & Taboada, 1998; Solis-Weiss 
et al., 2004) 
Phyllodoce cf. 
mucosa 
 Alsancak harbour (Turkey)  (Çinar et al., 2006) 
Pista cristata Valencia harbour (outer); San Carles 
marina (Tarragona)   (Tena et al., 1993) 
Poecilochaetus 
serpens 
Cambrils port (Tarragona); Barcelona 
port Trieste port (Italy)  
(Sardá et al., 1997; Sardá & Pinedo, 
1992; Solis-Weiss et al., 2004) 
Polyophthalmus 
pictus 
San Carles and Cubelles marinas 
(Tarragona) Alsancak harbour (Turkey)  
(Çinar et al., 2006; Sardá & Ariza, 
2005; Sardá et al., 2001) 
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Prionospio fallax 
Barcelona port; San Carles and Cubelles 
marinas, L´Escala port, Cambrils port 
(Tarragona); Port de la Selva marina 
(Girona). All reports as P. malmgreni 
Alsancak harbour (Turkey) Port Cairnryan (Scoland, UK) 
(Barcelona, 2004; Çinar et al., 2006; 
Sardá & Ariza, 2005; Sardá et al., 
1997; Sardá & Martín, 1991; Sardá & 
Pinedo, 1992; Sardá & Taboada, 1998; 
Sardá et al., 2001; Survey, 2005) 
Prionospio sp. 
Cubelles marina, Cambrils port 
(Tarragona) as P. cirrifera; Barcelona 
port as P. multibranchiata 
 Oslo harbour (Norway, as P. cirrifera) 
(Sardá & Ariza, 2005; Sardá et al., 
1997; Sardá & Pinedo, 1992; Trannum 
et al., 2004) 
Protodorvillea 
kefersteini 
Cambrils port (Tarragona); Barcelona 
port Capraia port (Italy) Port Cairnryan (Scoland, UK) 
(De Biasi et al., 2004; Sardá et al., 




Valencia harbour (outer); San Carles 
marina (Tarragona)   (Sardá et al., 2001; Tena et al., 1993) 
Pseudopolydora 
paucibranchiata 
Cartagena harbour; La Coruña harbour ; 
San Carles and Cubelles marinas 
(Tarragona) ; Barcelona port 
Mersin, Iskenderun, Alsancak harbour 
(Turkey) 
Port Cairnryan (Scoland, UK); Oslo 
harbour (Norway); Wellington harbour 
(New Zealand); Los Angeles-Long 
Beach harbors (USA) 
(Dagli & Cinar, 2008; López-Jamar et 
al., 1995; Read, 1975; Reish, 1955, 
1986; Sardá & Ariza, 2005; Sardá et 
al., 1997; Sardá et al., 2001; Survey, 
2005; Trannum et al., 2004) 
Pseudopolydora 
pulchra La Coruña harbour Alsancak harbour (Turkey)  
(Çinar et al., 2006; López-Jamar et al., 
1995) 
Scoloplos typica Barcelona port as Scolaricia typica   (Barcelona, 2004) 
Sigambra parva 
Valencia harbour (outer); Cubelles 
marina, Cambrils port (Tarragona) ; 
Barcelona port. All records as S. 
tentaculata 
  
(Sardá & Ariza, 2005; Sardá et al., 
1997; Sardá & Pinedo, 1992; Tena et 
al., 1993) 
Sphaerosyllis 
glandulata    Not found reports in harbours 
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Sphaerosyllis hystrix 
Ceuta harbour; Cambrils port 
(Tarragona); Port de la Selva marina 
(Girona) 
  
(Guerra-García & García-Gómez, 
2004; Sardá & Pinedo, 1992; Sardá & 
Taboada, 1998) 
Sphaerosyllis taylori Cubelles marina (Tarragona) ; Port de la Selva marina (Girona) Capraia port (Italy) Port Cairnryan (Scoland, UK) 
(De Biasi et al., 2004; Sardá & Ariza, 
2005; Sardá & Taboada, 1998; Survey, 
2005) 
Spio decoratus 
Valencia harbour (outer); Outside 
Barcelona Olympic harbour; La Coruña 
harbour; San Carles and Cubelles 
marinas, L´Escala port (Tarragona) 
(Tarragona); Port de la Selva marina 
(Girona) 
Capraia port (Italy) Alsancak harbour 
(Turkey) Port Cairnryan (Scoland, UK) 
(Çinar et al., 2006; De Biasi et al., 
2004; López-Jamar et al., 1995; 
Méndez et al., 1997; Sardá & Ariza, 
2005; Sardá & Martín, 1991; Sardá & 
Taboada, 1998; Sardá et al., 2001; 
Survey, 2005; Tena et al., 1993) 
Spio filicornis Barcelona port  Port Cairnryan (Scoland, UK), Dunkerque harbour (France) 
(Barcelona, 2004; Díaz-Castaneda et 
al., 1989; Survey, 2005) 
Spiophanes afer Valencia harbour (outer); Outside Barcelona Olympic harbour   (Meißner, 2005) 
Sternapis scutata Barcelona port Trieste port (Italy) Vancouver harbour (Barcelona, 2004; Belan, 2004; Solis-Weiss et al., 2004) 
Syllides japonicus    Not found reports in harbours 
Syllidia armata Cambrils port (Tarragona) Alsancak and Pasaport harbours (Turkey) Port Cairnryan (Scoland, UK) 
(Çinar et al., 2008; Çinar et al., 2006; 
Sardá & Pinedo, 1992; Survey, 2005) 
Syllis armillaris    Not found reports in harbours 
Syllis gracilis Ceuta harbour Pasaport harbour (Turkey)  (Çinar et al., 2008; Guerra-García & García-Gómez, 2004) 
Terebellides cf. 
stroemi  Trieste port (Italy) Vancouver harbour (Belan, 2004; Solis-Weiss et al., 2004) 
 284 
Species Spain harbours Mediterranean harbours Worlwide harbours References 
Trypanosyllis zebra    Not found reports in harbours 
Vermiliopsis 
infundibulum  
Alsancak and Pasaport harbour 
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Table A.VI. Ecological groups and trophic categories 
(A=AMBI; B= BENTHIX; T= Trophic categories); 1 Papers concerning gut contents, fecal pellets or feeding 
biology of specific species (Giangrande et al., 2000; Martin & Britayev, 1998); 2 Generalization with the 
whole family or genus; NA= Not available 
Species A B T Species A B T 
Abyssoninoe sp. NA NA CMJ2 Chone collaris II I FST 
Aglaophamus malmgreni II NA CMJ2 Chone dunerificta II I FST 
Ampharete sp. I NA SST2 Chone sp. 1 II NA FST2 
Ampharetidae indet. - - SST Chone sp. 2 II NA FST2 
Amphicorina sp.1 NA NA FST2 Chone sp. II NA FST2 
Amphictene auricoma I NA BDT2 Chone cf. usticensis II NA FST2 
Aonides oxycephala III I SDT Chrysopetalum debile I NA CMJ 
Aphelochaeta sp. IV NA SDT2 Cirratulidae indet. - - SDT 
Apistobranchus sp. I NA SMX2 Cirratulus sp. IV NA SDT 
Aponuphis bilineata I I O Cirriformia sp. IV NA SDT 
Aponuphis cf. fauveli II NA O Cirrophorus branchiatus III NA BMT 
Aricidea catherinae I I BMT2 Cirrophorus furcatus III NA BMT 
Aricidea cerrutii I I BMT Clymene sp. I NA BSX2 
Aricidea claudiae I I BMT2 Cossura soyeri IV II BMT 
Aricidea mutabilis NA NA BMT2 Demonax sp. I NA FST2 
Aricidea pseudoarticulata I NA BMT Dipolydora sp. 1 NA NA SDT2 
Aricidea quadrilobata I NA BMT2 Dorvillea sp. NA NA CMJ2 
Bispira viola NA NA FST2 Dorvilleidae indet. - - O 
Capitella sp. V NA BMX Drilonereis cf. filum II I CMJ 
Capitellidae indet. - - BMX Eteone sp. III NA CMX 
Caulleriella cf. alata IV II SDT2 Euchone sp. II NA FST2 
Chaetopteridae indet. - - M Eumida sanguinea II II CMX 
Chaetozone gibber IV NA SDT2 Eunice vittata II II O 
Chaetozone sp.1 IV NA SDT2 Exogone naidina II II O2 
Chaetozone sp. IV NA SDT2 Exogone rostrata II I O2 
Chone acustica II I FST Exogone verugera II NA O 
Chone arenicola II NA FST2 Fabricinae gen. sp. - - SDT 
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Flabelligeridae indet. - - SDT Nephtys kersivalensis II NA CMJ 
Galathowenia oculata III NA SST Nepthys sp. II NA CMJ 
Gallardoneris sp. NA NA CMJ2 Notomastus sp. III NA BMX 
Glycera unicornis II II CMJ Onuphidae indet. - - O 
Goniada hexadentes NA NA CMJ Opheliidae indet. - - O 
Haplosyllis spongicola I I O Ophiodromus flexuosus II II CMX 
Harmothoe sp. II NA CMJ Owenia fusiformis II II M 
Harmothoe spinifera II I CMJ Owenidae indet. - - SST 
Heteromastus filiformis IV III BMX Paradoneis drachi NA NA BMT2 
Hydroides elegans III III FST Paradoneis lyra III III BMT 
Jasmineira sp. II NA FST2 Paraehlersia ferrugina II NA CMJ 
Laonice bahusiensis III NA BMT2 Paralacydonia paradoxa II II BMX 
Levinsenia gracilis III II SMT Paraonidae indet. - - BMT 
Lumbrineridae indet. - - CMJ/O Parapionosyllis brevicirra II NA CMJ2 
Lumbrineriopsis cf. paradoxa II NA O Parapionosyllis minuta II NA CMJ2 
Lumbrineris sp. II NA CMJ/O2 Paraprionospio sp. NA NA SDT2 
Lysidice ninetta II NA O Pectinaria sp. I NA BSX2 
Magelona minuta I I BDT2 Peresiella clymenoides III II BMX 
Malacoceros sp. III NA SDT2 Phyllodoce cf. mucosa III II CMX 
Marphysa belli II I O Phyllodoce lineata II NA CMX 
Mediomastus sp. III NA BMX2 Phyllodoce sp. II NA CMX 
Megalomma sp. 1 NA NA FST2 Phyllodocidae indet. - - CMX 
Melinna palmata III IIT SST Pista cf. unibranchia NA NA SST2 
Micronephtys maryae II I CMJ Pista cristata I II SST 
Monticellina heterochaeta IV II SDT Poecilochaetus serpens I II M2 
Neanthes caudata IV III O Poecilochaetus sp. 1 I NA M2 
Nematonereis unicornis II II O Polynoidae indet. - - CMJ 




Species A B T Species A B T 
Pomatoceros sp. II NA FST2 Syllides japonicus II NA CMX 
Prionospio fallax IV II SDT Syllides sp. II NA CMX2 
Prionospio sp. IV NA SDT2 Syllidia armata II NA CMJ 
Proclea cf. graffi I NA SST2 Syllis armillaris II NA HMJ1 
Protodorvillea kefersteini II II CMJ Syllis gracilis II II O1 
Pseudofabriciola sp. 1 II NA SDT2 Syllis sp. II NA O2 
Pseudomastus deltaicus V NA BMX Terebellidae indet. - - SST 
Pseudopolydora paucibranchiata IV NA M Terebellides cf. stroemi II I SST 
Pseudopolydora pulchra IV NA SDT Tharyx sp. IV NA SDT2 
Sabellaridae indet. - - FST Timarete sp. NA NA SDT2 
Sabellidae indet. - - FST Trypanosyllis zebra II NA SMJ1 
Sabellides sp. II NA SST Vermiliopsis infundibulum II I FST2 
Scolelepis sp. III NA SDT Vermiliopsis sp.   FST2 
Scoloplos typica I I BMX     
Sigalionidae indet. - - CMJ     
Sigambra parva III I CMX2      
Sosane sulcata II II SST2     
Sphaerosyllis glandulata NA NA HMJ2     
Sphaerosyllis hystrix II NA HMJ1     
Sphaerosyllis taylori II I HMJ2     
Spio decoratus III III SDT     
Spio filicornis III NA SDT2     
Spiochaetopterus solitarius III NA M2     
Spionidae indet. - - SDT     
Spiophanes afer NA NA SDT2     
Sternaspis scutata III II BMX     








AMBI (AZTI´s Marine Biotic Index) is a biotic index which provides a pollution classification of a 
particular site, representing benthic community health. It is derived from the proportions of 
individual abundance in five ecological groups (EG), which are related to the degree of 
sensitivity/tolerance to an environmental stress gradient (Borja et al., 2000): 
 Group I. Species very sensitive to organic enrichment and present under unpolluted 
conditions (initial state). 
 Group II. Species indifferent to enrichment, always present in low densities with non-
significant variations with time (from initial state, to slight unbalance). 
 Group III. Species tolerant to excess organic matter enrichment. These species may 
occur under normal conditions, but their populations are stimulated by organic richment 
(slight unbalance situations). 
 Group IV. Second-order opportunistic species (slight to pronounced unbalanced 
situations). 
 Group V. First-order opportunistic species (pronounced unbalanced situations). 
Species not assigned to a group were not taken into account. The distribution of these EG 
provides a biotic coefficient (BC) that was adapted to the five ecological quality status (EcoQ) 
proposed by the WFD (Borja et al., 2000): 
Biotic Coefficient . (0*%GI) + (1:5*% GII) + (3*% GIII) + (4,5*% GIV) + (6*%GV) 
BENTHIX INDEX 
Simboura and Zenetos (2002)developed a new biotic index (BENTHIX) based on the initial idea 
of Borja et al. (2000), the novelty of this index lies in the idea of treating benthic species as 
belonging to three wider EG (the sensitive and the tolerant), thus reducing the number of the 
ecological groups used in the formula from five to actually three (Simboura & Zenetos, 2002): 
 Group 1 (GI). This group includes species which are sensitive to disturbance in general. 
These species corresponds to the k-strategy species, with relatively long life, slow 
growth and high biomass. Also species indifferent to disturbance, always present in low 
densities with non-significant variations with time are included in this group, as they 
cannot be considered as tolerant by any degree. Species belonging to this group were 
assigned with the score 1. 
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 Group 2 (GII). Species tolerant to disturbance or stress whose populations may respond 
to enrichment or other source of pollution by an increase of densities (slight unbalanced 
situations). Also this group includes second-order opportunistic species, or late 
successional colonisers with r-strategy: species with short life span, fast growth, early 
sexual maturation and larvae throughout the year. Species belonging to this group were 
assigned with the score 2. 
 Group 3 (GIII). This group includes the first order opportunistic species 
(pronouncedunbalanced situations), pioneers, colonisers, or species tolerant to hypoxia. 
Species belonging to this group were assigned with the score 3. 
The maximum reduction of the ecological groups involved in the BENTHIX formula would result 
to two groups: one "sensitive" and one "tolerant" group which according to the above analysis, 
should relate with a quantitative ratio of 1:3. Therefore the factor assigned to the sensitive group 
GI should be 6 and to groups GII and GIII factor 2. The resulting formula tested and validated 
with data from Greek communities as well as Mediterranean, is (Simboura & Zenetos, 2002): 
BENTHIX = { 6 X %GI + 2 X (% GII + % GIII)}/100 
Use of the Benthix can produce a series of continuous values from 2 to 6, being 0 whenthe 
sediment is azoic (all groups zero). Numeric values between 2 and zero are nonexistent in the 






















Map A.VII.1. Monticellina heterochaeta. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.2. Aphelochaeta sp. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.3. Prionospio fallax. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.4. Amphicorina sp. 1. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.5. Eunice vittata. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.6. Lumbrineris sp. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.7. Mediomastus sp. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.8. Chaetozone sp. 1. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.9. Chaetozone gibber. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.10. Cirrophorus furcatus. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.11. Heteromastus filiformis. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.12. Galathowenia oculata. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.13. Glycera unicornis. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.14. Owenia fusiformis. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.15. Pseudomastus deltaicus. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.16. Pista cf. unibranchia. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.17. Aponuphis bilineata. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.18. Chone dunerificta. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.19. Euchone sp. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.20. Gallardoneris sp. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.21. Nematonereis unicornis. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.22. Notomastus sp. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.23. Magelona minuta. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.24. Paralacydonia paradoxa. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.25. Spiochaetopterus solitarius. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.26. Pseudopolydora paucibranchiata. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.27. Micronephtys maryae. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
 318 
 
Map A.VII.28. Bispira viola. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
 319 
 
Map A.VII.29. Capitella sp. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
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Map A.VII.30. Cirriformia sp. Spatio-temporal distribution (ind·m-2) in Cartagena harbour, December 2003 to October 2004. 
